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"The catfish is a hide o us bea s t , 
A bottom-feeder tha t d oth f east , 
Upo n unho ly b ai t. 
He's no addition to your me a l; 
He ' s rather riche r th an the e el 
And ranker t han th e ska t e. II 
u nchi circa 1900 

iii 
ABSTRACT 
This study investigated the age and growth, reproductive 
and feeding biology of the North American catfish Ictalurus 
nebulosus Le Sueur in the Waikato Valley of New Zealand, 
• 
the changes that have occurred .during acclimatisation and 
the extent of the differences in biology between here and 
other regions of the world. 
Under Wa i k ato c onditions t h e g r owt h r a t e o f the catfish 
was much f a ster than is usual for the species, although t he 
l o ng e vi t of a b o ut 8 ye a rs wa the sam e a s in the no ther 
h e mi sphe r e. 
Oocy t e developme n t in the o v ari es was a sy r1chronous ( Ma rz a, 
1938 )~ with multiple spawning occurring. The duration of 
the spawning season was nine months, from wi n ter to early 
autumn. Fe6un dity e stimates were of a mini mum of 370 0 e gg s 
l a id p e r season . 
The major foods of the catfish were chironomid larvae , 
oligochaete worms, molluscs and crustacea. There was no 
evidence of piscivorous or fish-egg eating habits as h as be e n 
noted for the spec i es overseas. 
Th e cat f ish is expandin g in numbers a n d range tJ .· o u ~. out 
th e Waik a t o reg i on b ecause th e r ecru itment capabili t i e s o f 
the population are high, with a rapid growth rate dnd hig ', 
fecundi t y, and t here is an a p ar en t la ck of natu ral p· ~ ·~ c rs. 
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1.1 INTRODUCTION 
The brown bullhead catfish Ictalurus nebulosus Le Sueur 
is a species which originates from fresh and brackish waters 
of eastern and central North America. In the late 19th and 
early 20th centuries this species was introduced to several 
countries in continental Europe and to New Zealand. The aim 
of this study was to investigate the biology of the catfish 
from the Waikato Region of New Zealand, to determi ne w ether 
acclimatisation has affected the biology of the fish and to 
judge the extent of any differences between here and other 
regions of the world. 
The freshwater fish fa un a of New Zealand 
is very sparse, with only about 30 na t ive species , of whi ch 
all are either diadromous or derive d from s uch forms (McD owa ll 
et al, 1976). Only the Galaxias spp. termed whi tebait , an d 
the two eel species Anguilla dieffenbachii and~- australis 
are of major commercial importance. The grey mullet, Mugil 
cephalus, a marine species which may spend a considerable 
part of its life in freshwater ( Wells, 197 6 ), also has. some 
commercial value. 
None of these native species are classified as game or sport 
fish, and consequently a numb er of exotic sp e cies hav b een 
introduced over the past 110 years, mainly by Ac climat i sation 
Societies, to establish sp o rt fish eries . I a ddi tion t h e 
fish fauna has been suppl emented b y escaped aq uarium fi sh 
2 
which have established localised breed ing p opul ations in the 
wild, such as the molly Poecilia latipinna { McDowa ll et al , 
lac . cit ) . Mos t of the introduced species d id not survive 
( Au ckland Acclimatisation So ciety rec ords ) , but a few 
were very successful. Of these the brown trout Salmo trut ta 
and rainbow trout li, gairdneri have expanded in numbers to 
become important recreational fisher i es, but oth er s such as 
the goldfish Car assiu s auratus and the catfish Ictalu~us 
nebulosus, although abundant in so me lo cali ties, are of no 
commerci a l or major sporting interest as yet. 
The catfish was 
introduced to New Zeal and in 1878 from the United States of 
America by Mr T. Russell CMG, a Ne w Zealander based in Los 
Angeles { Auckl and Acclimatisa t ion Society r ecords ) . In 
total, 14 0 live catfish were released into St Johns Lake, 
Auckland, from two shipments during 1878 . No catfish were 
reported from the lake until 1884, but in 1885 hundreds were 
trapped from the lake for relocation to other parts of the 
Auckland region and to other districts such a s Well ington, 
which received 30 fish. It is presumably at this time that 
the catfish began its penetration into th e Waikato region. 
Documentation o f the distribution o f the catfi sh f rom 1885 
to the present day is scarce . Th ompson 1922 ment ion ed 
that it was abundan~ in Ashburton 1919 ) an d Lake Mah inapua 
( 1916 ) as . well as in Auckland, inc ludi ng Lake Pupuk e on the 
3 
North Shor e . Th e fish was app a rently co mmon in the Huntly 
district during the 1940s ( P. Howard pers.comm ) . 
I. nebulosus is today present in all. the major rivers of the 
Waikato Valley. It has penetrated the Waipa River as far as 
Pirongia, the Piako River ( A. Tecklenberg pers.comm), and 
the Waikato River to at least Taupiri 10km south of Huntly). 
According to Waikato eel fishermen the distribution of the fish 
a p pears to h av e great l y exp anded over the p a s t fi v e years . 
Catfish we r e never caught in the Waipa River at Pirongia, nor 
in the Kopuka Swamp at Maramarua ( north of the study area) 
five ye a rs ago, but they are no w present in l arge numb e r s ( A 
Tecklenberg pers . comm ). Ca tfi s h als o o c cu r in many Waikato 
l a k es , wi th Lakes Wai kare a n d Wa ah i in th e Hu n tly r eg io n 
having large populations. They have also b een r ecorde d from : 
Lakes Hakanoa, Ng a roto, Whangape a nd recen tly from Lak e 
Rotoroa in Hamilton ( E. Graynoth pers,comm) as well as 
from several small peat lakes in the Waipa River catchment. 
Apart from the Waikato region, the only other localities in 
which catfish have been located recently are Lake Pupuke in 
Auckland ( Auckland Acclimatisation Society Report ) and in 
Lake Mahinapua on the West Coast o f the South Island (McDowal l 
e t a l, 1976 ) . 
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1 . 2 STUDY AREA 
Th e reg i on of the Waikato covered in this study is shown 
in Fi g 1. The f arthest south in which fishing was carried out 
was in La k e Ngaroto, and in the north, Lake Wa ikare. Ca tfish 
are very abundant north of the study area, especially at the 
Waikato Heads A. Tecklenberg pers.comm), but fishing was 
mainly confined to the Huntly district. In the Waikato River 
fish were not caught south o f Ta upiri 5 ) , a l t ho ugh y ke 
ne t s were s et a bove and below Hamilton, up to Ngaruawahia . 
Th e Wai pa River wa s also fishe d on se veral occ a sions,but 
witho u t s u cce s s. 
TIID VAIKATO RIVERS , TR I BUTARI ES, AND LAKES 
The two ma jor rive rs in th e Waika to region a r e th e 
~ aikato and the Wa ip a . The larger Wai k ato River origin a tes 
from Lak e Taupo at the centre of thP. North Island and extends 
for 320 km , e n te ring the sea south of the Manakau Harbo ur o n 
the west coast of the North Island. The Waipa River originates 
northwest of Lake Ta u po in the Rangitoto Ranges and jo in s 
the Waikato River at Ngaruawahia. Throughout the study area 
the width o f the Wa i k ato Ri v er varies from 6 4 to 265m, a nd 
t he de pth from 2.5 to B .2m . Wate r ve loci ies o f up t o 1.0m 
p e r se c. a r e a tta i ned in th e lowe r re a ches of the river 
around Huntly a nd a number of s mall islands occur in t he 
r i ver . The water is t u r bid with h igh levels o f organi c ma t te r , 
th e r esul t of d ome st i c an d i ndustrial sewa ge outfalls a lo n g 
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the co urse o f t he rive r . The river substra t e is t ypically 
duning sand in t h e ~ c h annel throughout t h e s tu d y a r ea ( Co ff ey 
et al, 1973 ) , but deposition of fin e l y di v i ded sedimen t s 
( silts/mu ds occurs in zones of low flo w a dj a ce n t to the 
riverbanks or in backwaters. Exten s ive macrophyte beds occur 
in these deposition areas, with Eg e ri a den s a being the 
physiognomic dominant on most soft s ites in the st u d y area . 
Beds of Ceratophyllum demersum and Potanogeton crispus occur 
also. Other mac r ophytes present a re Glyceria maxi ma and 
Nas tu r tium of fici n a l e . Myriophyl l um b rasiliense is al so 
ab u n d ant around Taup i r i ( Cof f e y et a l , la c.ci t ) The banks 
of the river throughout the study area are c overed with 
intermitten t extens i ve g r ow t hs o f willow tree s whi c h separate 
the river fro m th e surro u nd in g pas tur e land . 
As s ocia t e d wi t h t he Wa ika t o a n d Wa ipa river s are a number of 
smal l d ys trophic pe at lak e s , suc h as Lake Ng aroto, wh ic h have 
very dark coloured waters, low secchi transparencies and high 
primary produc t ivit i es, acco r ding to prelimina r y invest i ga t ions 
( Patchell, 1974, unpublished data, M.A Chapman pars.comm) 
Many of these lakes have resident ca t fish populations ( M.A 
Ch a pman pars.comm). 
Th r ee maj or l akes o c cur alo n g the course of the l ower Waikat o 
River; Waahi, Whangape and Wa ikare, The l a t ter is the maj or 
reservoir for the Waikato flood control scheme below t he 
Karapiro dam, with a spillway on the western inlet f ro m the 
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river, and a control gate on the northern ou tlet into the 
Whangamarino Swamp. Wa ikar e is a shallow lake, with a maximum 
depth o f 2m re corded b y t he author in a ser ies o f soundings 
on the eastern side of the l ake . The water is the colour 
of brown clay, and generally few rooted ma crophytes occur, 
except in an arm of the lake near the town of Te Kauwhata. 
Lake Waahi is highly eutrophic ( Chap man , 1975 )with extensi ve 
aquatic rnacrophyte growt h over the whole lake. As with the 
Waikato River, Egeria densa is th e dominant rnacrophy te , with 
beds of Elodea canadensis , Lagarosiphon major , and _Pot aroo geto~ 
ochreatus also oc curri ng. 
Fig 2 shows mean water tempera tu res recorded in the Wa i kato 
Ri ver at Huntly from January 1975 to May 1976, Temperatures 
0 0 
varied from 23 C to 9 c, but higher tempera tures do occur in 
different environmen ts in the ar ea, Cof fey et al 19 75 
reco r ded locally high temperatures 0 30 C in t he surface 
waters confined by dense weed beds in the river. The maximum 
water te mpe ratur e recorded in Lake Waahi by We lls 19 76 ) 
0 0 
was 27.2 c, while I recorded a low of 7 i n th e lake during 
the winter of 1975. 
Fig 2 
Mean monthly temperatures of the Waikato River 
at the Tainui Bridge, Huntly, recorded in the 
main channel ( from WVA file 60/3 ) 
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PREDATORS AND PARASITES 
Other fish species occurring in the Waika to River with 
I. nebulosus are shown in Table 1. There is no evidence as 
yet that any of these species significantly affect the catfish 
population by predation. Large long f inned eels ( Anguilla 
dieffenbachii of about 3-3.5 kg in weight have been known 
to consume large numbers of young of the year catfish, but 
eels of this size are now rare in the Waikato ( A .Tecklenberg 
pers.comm) . The lamprey Petromyzon marinus has bee n noted 
to attack bullhead catfish in the United States, and in Oneida 
Lake it was found that catfish were more susceptible to 
lamprey at tack than any other fish ( Adams, 1928 ) , but it 
is not kn o wn whethe r or not the New Zea lan d lamprey Geotria 
australis attacks catfish. The present d ay distribution of 
the lamprey is un kn o wn , but juveniles do occur in Lake Wai ka re 
( A. Tecklenberg pers.comm) and the species was once very 
common in the Waikato River ( K. Wakefield pers.comm) . 
The black sha g ~halocrocorax sulcirostris, a piscivorous bird 
found in large numbers on Lake Waahi, does not appear to feed 
o n catfish. Wells ( 1976 noted that th e black shag fed on 
carp ( Carassius auratus and small mullet ( Mugil cephalus 
but did not see any signs of catfish predation. H. Lick e.c s 
( pers.comm) has observed shags catching carp in Lake Wha ngape 
b ut never c atfish. Falla and Stokell 19 45 ) found on ly 
eels in the stomachs of s hags from Lake Wa ikare, 
1 0 
Table 1 
Fish Species Found In The Waikat o River And Associated 
Lakes 
Angu illa dieffenbachii 
Anguilla australis 
Retropinna retropinna 
Gobiomorphous cotidianus 
Galaxias argenteus 
Galaxias brevipinnis 
Ga l axia s macu latus 
Mugi l ceph alus 
Gambusia affinis 
Carassius auratu s 
Salmo trutta 
Geotria australis 
The parasite fauna of the catfish in the Waikato Rive 
was studied by Lim 1974 ) • Only three parasite species 
were found; the nematodes Eustron gylides, Ascarophis ~· 
and Heduris spirigera. Of these only~- qylides is common 
to both Ne w Zealand and Ameri can c at fish, and Li m co n cluded 
that the species may have be e n gained locally whilst the 
original parasite fauna was lost duri ng acclimat i sati on, 
because the parasite was similar to one found i n native 
New Zealand fish. 
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Ch apte r 2 FI S HING ANALYSIS 
2.1 FISHING METHODS 
Fishing for th e catfish was carried out in the Waikato 
on a fortnightly basis from 22/4/75 to 25/5/76, using a 
variety of nets. These were usually set in the afternoon 
and emptied the following morning, Trap ped f is h were removed 
and placed in a 45litre plastic bin for transport a tion to 
the laboratory. 
Eel fyke nets of 2.Scm mesh, with Sm leaders were generally 
used to trap catfish in this study. Th e nets were set eithe~ 
in slo w-movin g wa t er under willow trees or in faster-moving 
water within 2m of th e bank in locations whe r e exten sive 
wil low growth was absent, In the slow-moving wat e r they 
were set at right angles to the riverbank with the cod end 
out into deep water, whilst in faster-moving water they were 
set parallel to the bank with the cod end upstream. In the 
outlet stream linking Lake Waahi to the Waikato River, fyke 
nets were set across the stream, blocking o ff two thirds o f 
it when there was little flow. When the width of the stream 
was increased through flooding a 6 .4m extension was attached 
to the leader. In the shallow s hore l ine wa ters o f Lakes 
Waikare and Waahi, a system using two fykes with l e aders and 
wings wa s employed. A fyke net ca n on ly trap a max imum o f 
50 % of the fish which may str i ke its le ader ,b e cause the hoop 
1 2 
net is only at one end . ~he method shown in Fig 3, using 
a central barrier with a f yke net at each e nd, overcomes this 
defici e ncy. 
Fig 3 
Fyke Nets With Cent ra l Barrier 
fyke 15. 2rn yke 
wf.'i:g 1 \ -- =-~ ~ stake s 
Gill nets set to trap mullet also caught catfish on several 
occasions, but in general this method was not used because of 
th e lack of a suitable range of mes0 sizes. A 7.Sm hand 
seine , of 2.Scm me sh , was used in Lakes Waahi, Waikare and 
Ngaroto, during both daytime and n ightime in the course of 
this study to try to catch small cat fish les s than 13 cm 
long which the fyke nets failed to trap. Howeyer only three 
large catfish were ever caught by t his method, and n o small 
cat fish. Although regular sampling was attempted, on t wo 
occasionssix consecutive days in the field were necessary to 
pro duce a total catch of te n and si x fish respecively. The 
l ow catches were due to lack of movement by the catfish, 
which may ha ve been related to factors such as l o we ring of 
the water temper ature , onset of breding a nd the terri torial 
behav iour of the fish ( Appendix 4 ) , The phenomenon of 
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of widely fluctu at ing catches o f catfish during a season has 
also been repo rted by some eel fishermen ( A . Tecklenberg 
pers.comm). Catfish were also rarely caught on cloudless 
moonlight nights. 
2.2 CATCH ANALYSIS 
INITIAL EXAMINATION OF SAMPLES 
Live fish brought into the laboratory were anaesthetised 
using a chloretone/ethanol mixture and processed as follows: 
Lengths were measured, to the nearest 0.1cm, from the tip of 
the snout to the caudal fork, on a standard measuring board 
( Frontispiece ) . All leng ths quoted in this text are f ork 
lengths FL) unless otherwise stated. 
Fish were weigh ed to the nearest 0.1gm on a triple beam 
balance. 
Each fis h was then cut open and the following data recorded: 
1) Stomach fullness index 
2) Sex 
3 ) Weight of ovary to nearest 0.001gm 
The stomach was removed and preserved in 4% Formalin . Ovaries 
were removed and preserved in Gilsons Flu i d ( Further d eta ils 
in Chapter 4 ) . 
The length weight data for each fish were stored on computer 
car ds for analysis. Grouped length dat a for each locat ion 
were analysed using versi on 5.01.330 of the SPSS statistical 
package ( Ni e et al, 1975 
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RESULTS 
The grouped length data for each location are shown in 
Fig 4, with the catch statistic s in Table 2. The General 
data were composed of fish supplied by eel fishermen , from 
unknown l ocalities, but caught by similar fyke nets. 
Table 2 
Catch St a tistic s 
Number 
Site caught Kurtosis Skewness Range of lengths (cm) 
Waikato 
Ri v er 45 0.392 0.627 1 5 • 4 - 3 7. 1 
Lake 
Waahi 126 2.99 -1 • 7 0 1 3. 5 - 3 7.5 
Lake 
Waikare 24 0. 2 9 -0.795 1 3. 4 - 3 7. 5 
Genera l 
135 Data 0. 5 6 0. 1 7 9 1 2. 9 - 44.5 
Total 330 0 .4 0 6 -0. 39 1 2 . 9 
-
44.5 
DISCUSSION 
The to tal c at c h was approximately normally di s tributed 
about a mean of 28cm, showing only a slight negative skew in 
the distribution, but platykurtotic. Thi s indicates th a t 
the fyke nets used were selecting maximally f or fish about 
28c m lon g and did not catch fis h below this size as ef fic i ently . 
Th us, samples were not representative of the population a s a 
1 5 
whole and this has implications for the analysis of age 
distribution Ch apte r 3). 
The c at ch of f ish fr om the Wa ikato River showed a positive 
s kew , with a modal group at 22 cm. Generally t he fish f ro m 
the river were smaller than those from t he lak es and there 
are a number of possible reasons for this. There may have 
be en apart icularly abundant year class in the river, prod ~cing. 
a large group with a mean length of 22c m. To establish if 
this were the case, sa~pling would have to be carried out 
o ver several years. Alte rnatively there may have been a 
tende ncy f~r y o un g fish to move into the river from lakes 
and tribut a ri e s, t hen t o r e tur n t o th e l akes when t h ey were 
la r g2r. If this were the case then it would explain the 
re sults from Lake Waahi where the re was a very strong neg a ti v e 
skew to the distributi o n and a modal group at 31cm. Fish 
were caught at both ends of the Waahi eutlet, indicat ing 
there was at least movement into and out of the stream. 
This would not be expected in Lake Wa ikare, whe re the re is 
only inflow into the lak e when the Waikato Ri ver is i n flood, 
and outflow is through a controlled floodgate at the northern 
end of the lake. The Lake Waika re length distribution did 
app r o x i mate th a t of th e to ta l c a tch, but t he sample s ize 
was unfortun ~tely ve r y small. 
The ge ner a l data was p l atykur toti c, with a s ight po sit ive 
skew. The dist ri bution was simi la r to t h a t for the t ota l 
1 6 
catch and appea r ed to b e a c o mp o si t e of all th e c a tches I 
obtained. These general dat a fis h were from all over the 
Lower Waikato region and so the effects apparent in my 
results we re probably masked, 
Numerous attempts were made 
to catch small fish during this study but thy met with 
little success. In addition to my fish i ng, ext e nsi v e 
s e inings, u sin g the same net as myse l f , were carried ou t i n 
Lake Waahi by Pro f essor T. Northcote durin g 1976, a nd b y 
Mr T. Stephens fro m mid-1976 to 1977. Not until February 
1977 were young o f the ye a r c a tf is h caugh t ( 4 .5-6.9cm,n=11 ) . 
Three young of the year were caught in Lake Ngaroto d uring 
autumn 1975 b y dip ne tting in the reed b ed s a ro u n d the lake 
shoreline. Ho we ver , sub s e quen t attempt s to cat ch mor e f ish 
by thi s method f a ile d, I t i s unl ik ely t nat ~ h e l ack o f sm a ll 
catfish caught reflected their abundance and was probably due 
to their ability to evade catching by the methods used. 
Larval trawls using a 0.5mm mesh plankton net a lso failed to 
catch small catf i sh, although small Retropinna retropinna 
were caught. 
J 
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Chapter 3 AGE AND GROWTH 
3.1 INTRODUCTION 
The determination of age distribution and growth rates 
in ~a population is of major importance in ~a study on the 
biology of a fish species . Information on the growth rates 
reveals the general condition of a ~ish population and this 
is especi~lly important in this study because it allows 
compari so~s to be mad 0 between the acclimati s ed New Zealand 
catfish and those from both its native and . other exotic 
habitats. The age distribution in a popul a tio n p rovi des 
in f ormation on the mortality r a tes and can give indicati ons 
as to the effects fishing would have on the populati on. A 
method of reliabl y determining the age of a fish is als o a 
prerequisite to any growth study . 
3.2 METHODS 
The problems of ageing scaleless fish such as Ictalurus 
nebulosus have been examined by a number of authors. Sneed 
1950 used vertebrae and pectora l spines to determin e age 
a nd g r o wth in the channel catfish Ictalurus p unctatus , and 
c oncluded th~t the growth marks occurring on these bone 
s tructures occurred annually and could be used to calcul te 
age and growth rat es accurately. Marzolf 1956 ) conc l uded 
that , in~· punct atus, calculate d l engths based on vert bra l 
measurements offere d a better measure of growth history than 
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d i d tho se based on spine measurements b e c au se of the greater 
variability in spine data. Frank 1955 ) also drew the same 
conclusions for that species. Hensel 1966 ) used vertebrae 
to calculate age and growth of I. nebulosus in Czechoslovakia. 
More recently Lim 1974) used the sagittal otoliths to age 
l· nebulosus from the Waikato region 1 but unfortuna~ly gave 
no validation for his technique. 
In t his study two meth ods were i nves ti gated to establish 
which would provide the easiest and most accurate method of 
age determination. The vertebral method had been used · _ 
extensively to age Ictalurids overseas and showed promise 
as a .. method for ageing catfish from the Waikato. 
From each fish the anterior half of the vertebral column was 
removed, beginning at the fused cerv ical vertebrae. The 
column was scraped clean of tis s ue an d stored to dry in ~ 
labelled envelopes at room temperature. When dry the vertebrae 
could easily be separated by disjointing, and the fifth 
vertebra, as chosen by Appelget and Smith 1950 in their 
study on I· punctatus, was removed for ageing. This vertebra 
was selected because it was the largest apart from the first 
four fused cervical vertebrae. To remove any tissue adhereing 
to the centra , each vertebra was pl aced in a digestive 
solution of 0.7% pepsi n in 0.21 Hyd r ochloric acid for twenty-
0 four hours at 37 C ( after Appelget and Smith, lac.cit). 
The cl eaned ver t ebrae were then washed in wa er and pl ac ed in 
20 
glycerol for observation under a dissecting microscope, 
using reflected light on a black background. The number of 
rings present were counte d and the distance between each 
ring was measured along the dorsal radius of the vertebra 
( Plate ) , to 0.05mm aGcuracy, using an ocular micrometer. 
The method of age determination used by Lim 1974) was 
also followed. The paired sagittal otoliths were removed 
from each fish by cutting off the top of the cranium and 
removing them from the otic cavity with fine forceps; The 
method of preparation of the otoliths, a modification of 
that used by Christiansen ( 1964), involved heating the 
otolith over a weak bunsen flame until it t u rne d dar k 
brown. After heating the otolith was broken and the surface 
of the fractures examined in glycerol, und er reflected ligh t 
o n a black background. Growth marks showed up as dark lines 
across the fracture. Unfortunately, because of their small 
size about 3mm diameter the otoliths o ften burnt too 
rapidly, and growth marks did not show up. Another method 
often used in fisheries r esearc h is to place the wh ole 
unburnt otolith under reflected light, and to examine the 
opaque and transparent zones which may be apparent ( Chuganova 
1963 ) . However in this case the otol iths were too de nse 
for thi s to be successful. 
To establ i sh the relationship between grow t in length of 
the fish and growth in weight of the otolith, a number of 
2 1 
otolith s were weighed on a microbalance to an accuracy of 
+ 
- 0 .01mg . 
3.3 RBSULTS 
3.3 AGE ASSESSMENT 
The c entra of verte b rae from I . n e bul o sus sh owe d a s eries 
of dark bands Plate which were thought to repre s ent 
annual markings formed during a period of slow growth. 
These markings were similar in appearance to those found by 
Hensel 1966 in I. nebulosus from Czechoslovakia , and by 
authors studying other Ictalurids. It has been noted that 
the occurrence of a mark is accompanied by a change in 
elevation on the surface of the centrum Marz ol f , 1956 for 
__!. punctatus, and Lewis, 1948 for J.melas ) , although I did 
not generally note this on my specimens . Ridges oc curred on the 
centrum, but were not consistently associated with th e rings. 
An electron microscope scan of the surface of a _.vertebra 
with five rings showed no change in elevation at the marks. 
To determine th e nature of these vertebral rings, several 
approaches were followed . To determine p o ssible va ria tions 
in conc entrations of elements such as Mg , Ca , Na , K , a cross 
the surface o f the' centrum , a multichannel analyser linked 
to a scanning electron microscope, set up to measure ion 
conc e ntra tions , was used. This method was unsu ccessful 
because of the deg ree of curvature of the centrum. As the 
rings were only visible on the surface of th e centrum, 
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sectioning of the vertebra to produce a f l a t surface wou ld 
have been of little value. It was thought that a slower 
calcium deposition r at e might be involved in the formation 
of these rings and conse quently a method f or c alcium 
concentration determination, used by Galtsoff 1952 on 
tunavertebra~, was tried. This involved staining the 
vertebra with the d y e Alizarin Reds, which a ccording to 
Hollister 1934 has a concentration specific aff ini ty 
for calcium phosphate. Af ter trials on a number of vertebrae 
it was found that the following treatment times for t he 
critical stages in Galtsoff's method produce d the best 
results: 48 hrs in 4% KOH - 48 hrs in Alizarin - 24 hrs in KOH 
A vertebra before and after staining is shown in Plate 2. 
The regions associated with the growth rings stained much 
more heavily th an did the rest of the verteb ra , indicating 
that the concentration of calcium phosphate was lower in 
these regions. The same effect wa s found in a number of 
other stained vertebrae. It thus appeared that the presence 
o f growth rings was associated with a greater rate of calcium 
deposition than the rest of the vertebra. One possible 
reason for this is that the slower rate of growth of t he 
margin of the vertebra , when the ring was formed, a ll owed 
time for greater dep osition ofc~cium in the bone matrix. 
With the otolith method of age determ inati on diff iculty 
was encounter ed in achiev i ng consistency in burning of the 
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Plate 
Upper Vertebra from a fish showing two annuli 1 & 2 ) • 
Measurement wa s along the dorsal radius A/B. 
Distan ces from focus B to ann ulus 1, and from B 
to ann ulu s 2, were used to backcalculate length 
at the time of formation of each annulus. 
Measurement was to the inside margin of each annulus. 
Distance from A to B was used to calcula t e th e 
bo dy le n gth/vertebral radius relationship. 
Lo wer Vertebra from a 3+ fish 3 annuli and growth past 
the ultimate annulus 
I 
I 
I 
I 
I 
I . 1 
·--1 I 
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Plat e 2 
Vertebra from a 4+ fish, showing (upper) an 
untreated vertebra, and (l ower ) the ve rtebr a 
afte r treatment wi t h Alizarin Reds. 
I 
I 
I 
I :-4 
·-I I 
I 
I :-2 
I 
I 
I 
1-1 
I 
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otoliths . Bec a use of this, th e method was n ot used 
continuously. In a sample of t welve fish aged successfully 
from otolith growth rings, the attained ages ag r eed with 
those from vertebral re adi ngs in eleven cases. 33 otolith 
pairs were weighed to calculate the r elat ionship between 
growth in weight of the otolith and growth in l eng th of the 
fish. There was no significant diff erence be t ween the 
2 
weights of t he two otoliths from each fis h ( X = 0.1 71, 
df = 11 ). The relationship was ; 
Log O = 2.3782 lo g L - 2.3 359 
1 0 w 1 0 
r= 0.9555, n= 33 
where O o tolith weight ( mg), L Fork length (cm), 
w 
indicating increase in we ight o f the oto lith is proportional 
to increas e in length of the fish. 
VALIDATION OF TH E RINGS AS ANNULI 
Although it has been established that the gr owth rings 
on the bon y part s of I ctalurids are in fa ct annual( e. g 
Appelget and Smith, 1950 ) , it was felt necessar y to verify 
that the rings on vertebrae of Wa ikato fish we re als o annual 
to just ify their use i n ageing. 
If it could be shown that the marks form at approxima t ely th e 
same t ime each year then they can be used fo a g e determinatio 
To establish th e pat tern of ring for ma tion, the aistan c e 
bet ween the ultimat e ring ( R 
n 
( R )was mea sured in 1 25 f ish . 
n +1 
and the li p of the ve rte bra 
The results are s ho wn in 
Fig 5 . Be c ause onl y a small numbe r of fish wer e caught i n 
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Jul y ad September, the averages in these two months are 
linked to the preceding and following monthly means by 
dotted lines to emphasise their possible inaccuracy. The 
data includes fish of all ages except O+. Plotting values 
for the 2+ fish only ( n=74 ) ,showed a similar wide variation 
in the range of R - R per month, but since it is the trend 
n+1 n 
of th e graph showing the time when the ultimate ring was 
closest to the margin which is important, rather than the 
actual va lues, only the graph of the sum of all ages is 
shown. Numbers of 1+, 3+, 4+ fish were too low to constru c t 
similar graphs. 
The pattern apparent was of high R - R value sduring the 
n+1 n 
winter months of June through August, followed by a rapid 
decrease in early spring ( September/October ) , and a slow 
increase during the following summer/autumn period ( January 
through May). These results suggested that the time of 
ring formation was during the winter, because in the spring 
there was the smallest amount of growth past a ring. No 
rings were ever observed closer than 0.2mm to the rim of 
the vertebra · ~h ich suggests that the rings do not appear 
until there has been several mon ths of new spring growth. 
The R - R va lues f or No v ember were widely scattered with 
n+1 n 
a cluster at 0.3nm. This further supports the idea that the 
r ings a ppear aft e r exten sio n of t h margin of the v ert bra , 
reflecting the new season ' s growth, and tha the act· a time 
Fig 5 
Mean monthly in c rease in distance from the 
ultimate annulus to the margin R - R 
n+ 1 n 
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for a p pearance of the new ring can vary. It is possible that 
the form a tion o f the rings was due to some discolouration 
effect in the bone matrix of the ring region associated 
with the high level of calcium deposition. 
The above evidence indicated that the vertebral rings were 
laid down during a period of slow growth in the fish. 
Although the time for appearance of a new ring varied, it 
was assumed that by the end of a season's growth - the new 
ring would have appeared. If not, the calc u late n length 
for an age would be far too high and would stand out in an 
a ge/leng t h analys i s. This was the case fo r several f i sh, 
and where this occurred, other vertebra fro m the same fish 
wh ich were checked showed th e a dditional ring in all cases. 
3 . 3 • 2 GROWTH IN LENGTH 
To determine the growth in length of th e catfish a 
backcal c ulation method was used ( Te sch,19 7 1 ) . Thi 
involved calculation of the length of the fish at the time 
of formation of each annulus, and thus cal culation o f the 
incr ement in length for each year ( the ann ual growth ra te ) . 
Two major assumptions must be made for this method; 1) the 
annuli must be formed regularly, either yearly or in some 
other predictable pattern. 2) th e re must be a predictable 
relationship b e tween the increase in body l e ngth of the fish 
and th e increase in size (i. e vertebral radi u s ) of the 
particular structure being used fo r ageing. Cr iterion 1 
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was satisfied, but the second had to be examined . 
THE NAT UR E OF THE BOD Y LENGTH/VERT EBRAL RADIUS RELA T IO NSHIP 
A scatter diagram of l ength of fish versus vertebral 
radius is s hown i n F ig 6. Because the re l ati o nship appeared 
curvilinear, several functions were examined to produce an 
equation which best fitted the observed v al u e s. Reg ression 
analyses were pe rfo rme d using the Teddybear prog r amme( Wi l son , 
1976 ) , and the results are shown in Table 3 . A log/log 
t ransformation, as originally de s cribed by Monastrysky 1930) 
was found to best fit the observed data . 
It is important to note that in studies where a curvilinear 
body/scale( or vertebra ) regression has been descr ibe d on 
the basis o f ene or t wo years sampling, it i s possible t hat 
much of the curvilinea rity may be the re s ult of differences 
in the body/scale regressions of the different year classes 
which are used in the var i ous segments of th e al l over 
regression ( Hile, 1970 ) ; This possibility is accepted in 
this case , but could not be tested except by samp ling o ver 
mo re than two years. 
CALCULATION OF LEN GTHS AT PREVIOUS AGES 
The method used by Hile 1941 to calculate growth 
in t he rock bass Amb loplit es rupestris, where the body/scale 
re la ti ons ip was c urvilinear and best exp res sed by a r egre s sion 
line from log transformed data, was adopted in this st udy . 
Soluti on of the r egression equa t ion for an served ength 
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of fish gave an estimated or ' normal' v e rtebral radius. 
This estimated radius was divided by the actual measurement 
to give a correction factor which, when multiplied by th e 
radius to each annulus , gave its corrected value. The 
corrected value for radius to each annulus, when substituted 
into the regression equation, gave the length of the fish 
at the time when the annulus was formed. A nomograph is 
usually produced to perform the above calculations in studies 
where backcalculation involves use of a regression equation 
produced from log transformed data ( Monastrysky , 1930, 
Hi l e, 1941, 1 9 70, Le Cren, 19 47 ). In th is c ase, h oweve r, a 
p r o g r amme was devel o pe d ( App endi x 2 ) t o perform t he 
comp ua tions on a PDP 11 computer. 
Controversy exi s ts in the early literatur e as to th e correct 
inte rpretation of the body/scale regression for comp u ting 
body length in fish Whitney and Carlander, 1956 ). It 
was decided that in this case a ge o metric mean regression 
( GM ) ( Ricker , 1973 ) was the appropriate relationship to 
use . This is because the measurement variation is negligible 
co mpared with the inherent natural variability in both 
vertebral radiu s and body length, Neither can adequately 
be terme d t h e independen t va r iable an d since the back-
calculation method involved prediction of fish lengt h from 
vert e bral rad iu s an d v ic e ver s a , th i s f un ctional re gressi on 
was employed. The pro g ramme for calculation of th e GM 
3 1 
r egression is sown in Appendix 2. 
Because th ere was no significant differ e nce between the slopes 
and in bercep t s for ma le and female regressions,at the 2.5 % 
l evel , th e data wa s pooled and a GM regre ssio n calculated 
for l eng th of fish on vertebral radius where: 
ln L = ln 2.50089 + 0:.844864 ln V 
( L = l e ngth(c m) , V = vertebral radius(mm), std,dev= 0.0172 6 ) 
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Table 3 
Functions Examined For Best Fit Of 
Body Length/Vertebral Radius Data 
Untransformed data 
Linear regr essio n L = 7 .1615 + 7 .52 72 V 
The regression accounted for 87.8% of t he variation 
F = 1066.5 P = 0 .00 000 0 
2 2nd Degree Polyno mia l L = 0 . 836 1 14.0308 V - 1.38 67 V 
The regression accounted for 93 .21. of th e variation 
F = 1010.9 P = 0.000000 
2 3 3rd Degree Polynomial L = -2.3077 + 20.775V - 4 .766V + 0.47V 
The regression accounted for 94,1% of the variation 
F = 775.3 P = 0.000000 
Transformed data 
ln L ln 2.5224 + 0.8187 ln V 
The regression accounted for 94.05% of th e variation 
F = 2339.9 P = 0.000000 
L le n gth in cm, v vertebral radius in mm 
Fig 6 
Re lat i o ns h ip between f is h body length and vertebral 
radiu s ( n = 1 5 0 ) 
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3.4 AGE AJTALYSIS 
POPULATION AGE STRUCTURE 
The fish caught in this study were classifi ed into age 
groups such that fish in their first growing season were 
designated as O+, fish which had completed a full year's 
growth and were in th~ir second season as 1+, et cetera. 
The ages of fish caught during the sampling period ranged from 
0+ to 4+, but one 5+ and a J+ fish were taken at other times. 
An analysis of the numbers of fish in each age class caught 
in the fyke nets is shown in Fig 7. The O+ class is omi tt ed 
s in ce only two specimens from this cla ss were caught in thi s 
way. The greatest perce ntage of the popul ation was in the 
2+ yea r cl a ss, which may reflect an excep t i on al year class 
in 1973-74. It is also possible that, be ca us e the fyke net 
was selective ag ainst fish below 28cm in length, much of 
the effect was due to selection against the size range in 
which the 1+ fish occurred mean length 24.4cm) and that 
the net was only catching the larger specimens of this age 
group. 
LENGTH FREQUENCY ANALYSIS 
The length frequencry data for all the fish caught in the 
Waikato district was analysed using the STATUS matri, 
interpretative programme ( Turner and Rogers, 1974 ) . Data 
for J a nu a ry th rough March 19 75 were suppl ied by Mr G. Coates . 
The results are shown in Fig 8. A number of mode s were 
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~ 4+ 
- -
3+ 
2+ 
1+ 
I I I --, 
30 10 0 10 30 
0 /o FREOUE f\!CY 
F i g 7 
Age Class Dis ribut ion 
(n = 137 ) 
apparent in th e length distribution, but stati s tical analys is 
of t he data by a method such as that of Tanaka ( 1962 ) to 
determine age clas ses , was not a tt empted for several reasons. 
Backcalculations showed that lengths at each age varied over 
a wide range a nd th at there wa s considerable overlap between 
age groups. Therefore statistical separation of the lengt h 
distribution into quasi-age gr oups wa s noi justi f iab le . In 
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Length Fre~uency Analysis 
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addition, the length frequency method of determination of 
age classes Peterson method) assumes a short distinct 
sp awning season, but in Waikato conditions this was not so. 
In fact multiple spawning occurred, 
COMPARATIVE LONGEVITY AND SIZE BETWEEN 
WAIKATO AND OVERSEAS FISH 
The maximum age/ length recorded for catfi sh in the 
Waikato was 7+/45.5cm ( 1630gm). Hensel 1966 found the 
ma x imum age of L· n ebulosu s in Czechoslovak i a to be 6+, but 
the total length TL) was only 26.4cm ( 25.2 - 2 8 .0 ) . 
Emig 1966 ) gave the maximum· age recorded in Lake Tenmile, 
Oregon, USA, as 6+ and the length as 29.0cm TL ) . Scott 
and Crossman 1973 ) quoted a length of 26.7 cm (TL) at 
5 yrs for fi sh in Little Lake Butte des Mortes , '. Wisc onsin, 
USA. Car lander 1953 ) quoted a maximum length of 53.2cm 
(TL) in Florida, USA, but did not give the age. 
It appears that the maximum ages ~ttained by Waikato catfish 
were similar to those recorded in the northern hemisphere, but 
the length at maximum age was far greater in my fish, which 
indicates a much faster growth rate. 
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3.5 GRO WTH 
3 . 5. 1 LENG TH/WEIGHT RELATIONSHIP 
The r e lationship between length and weight was computed 
using th e programme shown in Appendix 2. The geometric 
mean reg r ession should be used in this case, for similar 
reasons for its use in interpreting the body length / vertebral 
radius relationship i.e any variation in both parameters was 
due to natur a l variability. The functional regression was 
b 
of the st a nd a rd form W = aL ( Tesch, 1971 ) , and is shown in 
Fig 9. Ther e was no significant difference at the 10% level 
between slop e s an d in t erc e pts o f the separa te regressions f or 
each sex . 
Gr o wth in weigh t o f t he catfis h was found t o b e prop o r tional 
to th e c u be o f increase in length of the fish i.e b = 3.06, 
a relationship which is found in many fish s pecies ( Tesch , 
lee.cit ) , and indicates ~hat the catfish grows isometrically. 
The symmetry of growth for the W~ikato fish is similar to 
that established for the species in the USA: 
log w -5.166 + 3.125 log FL Smith, 1 939 
log W = -5.061 + 3.065 log TL ( Priegel, 1966 ) 
ln W = -4.486 + 3.060 ln FL ( Waikato 
CO NDITION FACTORS 
The co n d itio n fa ctor ( K) , an i n dex of the relati ve 
robustn e ss ' of a fi sh , is often used as a me asure of th e 
condit ion o f a fi sh ( Tesh, oc .cit ) . K i s calcu l ated s 
Fig 9 
Length/Weight Relationship 
Geometric Mean Regression 
ln W = -4.486 + 3.060 ln FL 
Predictive Regression 
ln W 
-4.147 + 2.958 ln FL 
The regression accounted for 95.3% of the variation 
F = 6743 . 4 P = 0.000000 
( n 3 3 0, W weight in grams, FL length in cm) 
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K where r,7 wei ght gm 
3 
L 
L length ( cm ) 
If th e exponent in the length weight relationship is 3 i.e 
gro wth is isometric, th en comparison of K values between 
fish r efJ: ects individual variability ( Tesch, 1971 ) . Fig 
1 0 shows th e mean monthly values calculated for K. 
The apparent pattern was a decrease in condition through 
autumn/early winter February through May), f ollowed by a 
ri se during winter to a peak at a K value of about 1 .6 dur ing 
the summer. 
The relationship K 3 - W/L can be rewritten as W 
3 KL , which 
b 
is analogous to th e length/weight relationship W = aL . 
Since it was est a blished in this stud y th at ' b ' was 
approximately equa l to 3, any variation in a during the 
year ca n be a t t ri bute d to the fluct u ations in K already 
establ ished. Thus it foll ows that the inte r c ept a f or. 
the length/weight regress ion line varies throughout the 
year, but the slope of the line remai ns cons tant at b =3 . 06, 
and that the a ' value established i n this study is a mean 
value for th e sa mpling period. 
l 
Fig 10 
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3 . 5 . 2 BACKCALCULATED GROWTH I N LENGTH 
Mean lengths at the end of each year of life are shown 
in Table 4, There was no difference in mean lengths between 
the sexes at the 5% level of significance. It is apparent 
that Lee's phenomenon of decreasing length at the first 
annulus in older fish ( Tesch, 1971 has oc curred in this 
study. The average length at age from backcalculation 
for 1+ fish was considerably higher than fo r 2+ fish . Ricker 
( 1975 suggested three reasons for this phenomenon: 
1) Technical - use of incorrect body/scale relationship. 
2) Biased or nonrep r esentative sampling, and catching t h e 
larger fish in a year class. 
3) Selective mortality - where mortality rate among the 
larger fish of an age group is different from that among the 
smaller. 
In this study it was apparent that situation 2) was respo n sible 
for Lee's phenomenon. It ~as established that the fyke nets 
were selective. The sampling was biased so that mainly the 
larger fish in th e 1+ age class were · caught. Thus selection 
was for the faster-growing fish of this age class, which is 
consequently reflected in the high mean calculated lengt h at 
age 
The growth tate of the catfish, i.e increment in length 
p er year , is shown in Fig 11. At the end of the fiEst year 
of life catfi s h have attain ed a mean length of 8 .0cm. Te 
Age 
group 
O+ 
1+ 
2+ 
3+ 
1 3 
46 
7 4 
1 2 
Av . lenqth 
at c apture 
6.96 
24.4 
28.4 
32.8 
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Length at e nd of each year 
2 3 4 
10.0 +2.3 
7.9 +1. 9 20.9 +3.1 
7.3 +1.8 17.0 +2.8 26 .3 + 3. 4 
-4+ 5 37.6 6.8 +1.1 18.0 +2 .3 28. 2 +2.4 33.7 +2 . 8 
Average length at 
33.7 8 . 0 1 8.6 27 . 3 end of each year 
Average increment 
in length per year 8,0 1 0 . 6 8 . 7 6.4 
Table 4 
Backcalculated Lengths At Previous Ages 
- -(length= x + 1 s.d ) 
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range in l e n g ths was f r om 4.4 to 15.3 c m a nd it is possible 
that this wide variation was due to di f fering growth.rates 
between fish in each year, but was more probably due to the 
long sp aw ning se a son of the fish Chapter 4 ). A fis h 
spawned at the beginning of the growing season will have a 
much longer period of growth before the following winter 
than will a fish spawned late in the sea s on. 
At the end of their second year , the fish have a tt a ined a 
me an length of 18.6 c m, an i n crement of 10.6 c m. This 
app arently indicates a f a ster growth rate t h an in the f irst 
year, but sin ce th e fi r st y ear would no t be a compl e te ye a r , 
t he fi g ures are n ot comparab le, 
I n the third y ear of l ife t h e gr owth ra t e sl o ws to 8 . 7 c m 
and at th e e nd o f the ye a r t h e me an len g th i s 2 7.3 cm . S i nce 
increase in weight is p roportional to the cub e of length it 
is probable that, at this size, fish are increasing more 
in body mass than in length. 
During the fourth year the growth rate declines further to 
6.4cm per year. Since the maximum length fo un d was 4 5 5cm 
for a 7+ fish, it is probable that the growth rate declines 
even more after the fourth y e ar of life and th a t the g r owth 
in weight is eve n g r e a ter. 
I t was app a rent in this study that the ultimate ann ulus 
on ea ch v e rt eb r a did not a pp e a r unt i l well into t he fo l low i n g 
growing s ea s o n in ma ny ca s es. This c a used d i fficulti e s in 
a c cur a t e age in g o f the fish , be c a u s e a f i s h with a l ar g e 
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R - R value caught in December, with only one growth ring , 
n+ 1 n 
was not a 1+ but a 2+ fish . By t ak ing a common date such as 
Septembe r f or the ch ange of age this problem would h ave 
been overcome, but this was not adequate fok backcalculation 
purposes . It was accepted t hi t in the b ackca lculation results 
each age group could contain fish of different ages, but 
that this would not make the calculated length at each 
annulus any different. 
GROWTH IN LE NG1H 
A Walford graph of length at age t+1 versus length at 
age twas plotted for the average length at the end of each 
ye ar using data produced from backcal c ulation. The length at 
age was taken from the mean of the lengths at en d o f year 
for 2+, 3+ , 4+, f i sh, wi th 1+ f i sh being omitted because 
of the fishing size selection in this age class. 
Because of the short life of the species , only three points 
co uld be plotte d ( Fig 12 ) and thus the results from this 
analysis a r e only approx ima te. From the s l ope of the line 
( k 0 .728 and the ordinate intercep t 1 3. S cm ), L or 
t he maxim~m length attainable by the fish, was c a lculated a s 
49.7 cm from the formula: 
L (1-k ) th e or dina te in te rcep t ( Ricker , 1975 ) 
Th i s value is compatible wi t h the maxim m length attain ed 
i n this study ( 45.5 cm ) and the maximum length quot ed by 
Mans u e t i and Hardy 196 7 ) of SO . Be rn. The results suggested 
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5 10 15 20 25 30 
Lt (cm) 
Fig 12 
Walf o r d Plot Of Growth 
that the growth of the fish c ould be describe d by the Vo n 
Bertal anffy growth e quat ion 1 but it wa s thou gh t ther e was 
in sufficient data to war rant attempting this . 
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GROWT H I N WE I GHT 
The mean population instantaneous growth rate G 
x 
can be obtained by comparing the mean length of the surviving 
fish at successive ages ( from Table 4 ) a n d multiplying the 
natural log of the differences. between ages by the length/ 
weight relationship exponent ' b The mean instantaneous 
individual growth rate ( G) is calculated as the differences 
betwe en the na tu r a l lo g arithm s of the l e n gt h s of each fish at 
the previous t wo annuli, multiplied by b Th e mean of 
these individual growth rates gives the instantaneous gro wth 
rate in weight for each year (asper Ricker, 1975 
Popul a t i o n g rowth Mea n Indi v i d ual g r ow th 
Age Le n gth 
G Length interval G iliterval interval x 
(yrs) (cm) ( cm) 
1-2 7.9 - 20.9 3.0173 
2-3 20.9-·26.3 0.7033 1 7. 0 - 26.3 1.4812 
3-4 26.3-33.7 0.7587 28.2 - 33.7 0.5022 
Fishing in this study was selective for at least fish of age 
and so no G value was c a lculated for th e 1-2 year age 
x 
interval. 
The mean instantaneous individual growth r a te for fish from 
the 1 - 2 y ear age int e rval wa s tw i ce tha t f or the 2-3 y ear 
a g e i n terval , i nd icating a much fa ster growth rate. Duri ng 
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the t hird y e ar of life t h e gro w~h r at e dropp e d maP k ed ly to 
o ne third that of the previous year. 
The population instantaneous growth rate was considerably 
different from the mean individual growth rate. If more 
of t he larger sized fi sh in a year class die th an smaller 
fish; then the mean le ngth of the population sampled wou ld 
be less than might be expected , Be c ause of this, the mean 
instan t a neo us in dividua l growt h r a t e p rovid e s a be tte r 
estimate o f true growth rates Ricker, 1975 ) . If more large 
fish do die then G will be much smaller than t he correspond-
x 
ing G. This was apparent for the 2-3 age interval but because 
of th e sro al l sample s iz e ( n = 13 it ca n not b e r e liab l y 
said that th e mortality was greater. 
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3 , 5 • 3 COMPARATIVE GROWTH RATES 
Th e mean increment in length during the first year of 
li fe was 8 .0c m for Waik ato fish. Raney and Webster 19 39 
found a mean to ta l l ength i nc rement o f 7.7c m maximum of 
10,2cm for fish in Lake Cayuga, New York, USA. Car lander 
1953 )cited the length increase in Czechoslovakia ( from 
backcalculation as 8.1 cm, and from two studies in the USA, 
9 . 1 and 1 4 . 7 cm. Emig 1966 ) quoted a length increase of 
7. 6 cm f or fish in Oregon, US A . Although the growth rates 
for the fi rst year appear similar b e t we en the countries, 
the mean value for Waikat o fish was d iminished because of 
the long duration of the spawning s eas on, and it wa s inferred 
that the spawning season wa s short and de fi nite in the abov e 
r e fer en c es . This same effect wou ld be sh o wn a t a ll ages 
for the Wa ika to fish. 
By the end o f the second year the Waikato fish have reached 
a mean length of 18.6cm, which is similar to those recorded 
in the USA 18.0, 20.3, 20.8 ) , but markedly greater than 
those f ro~ Cze c hos l ovak ia 11 . 9 , 12.4 ( Ca rlander , lac.cit) 
During, the third year of life the rate of growth for the 
Waikato f ish is still ve ry high ( 8.7 c 1 ) and the fish 
a t tain a mean length of 27 .Jcm . It is d uring t h is 
y ea r th a t the growt h rate begin s to differ f r om no rthern 
h emisp h ere fish. In Czechoslovakia t he fis h reach es only 
1 6 . 0 cm TL ( 4. 1 cm ) , and in the USA , 2 3. 9, 2 5. 9, 2 5. 6 ( 3. 6, 
7 .9 , 4.8 ·. ). 
l 
I 
5 1 
In the fourth yea r of life th e increment in length is still 
greater in the Waikato fish ( 6 . 4 cm) compared with fish 
from the USA 5.3, 1.3 cm) and Czechoslovakia ( 4, 1 cm) 
Fig 13 s ummarizes the growth rates determine d by back -
calculation of lengths at previous a ges fr om differen t 
localities. The calculations for USA fish were on a direct 
proportion basis from spine measurement data. I cannot 
co mme nt on the v alidity of the results, as th e o rigina l papers 
were not available. However i t was establis he d in this study 
that backcalculation on a direct proportion b a sis , when i n 
fact the b o dy length/ve rtebral r ad ius r elationship is 
curviline ar , results in an overestima t ion of calculated l e ngth 
at e a ch ag e. 
It thus appears that th e growth rat e is s i mi lar, on a va il ab l e 
evidence, to that of US A fish in the first t wo years and is 
much faster in the following years and that the growth rate 
of fish in Czechoslovakia is much slowe r. 
This faster growth r a te of an exotic fish in New Zealand 
when compared with that in European c ount ries h as al s o b een 
noted f or th e perch Perea fluviat ilis in Lake Rotoroa, Hami lton 
( E. Gr aynoth, pers.comm). This suggests that the condition s 
found in many of the Waikato lakes are favour a ble t o r apid 
fish growth . 
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Ch a pter 4 RE P ROD UCTIV E BIO LO GY 
4. 1 INTRODU CTION 
Aspects of th e reproducti ve biolog y of the c atfish 
Ictalurus nebulo s us have been studied in detail in the US A , 
and a resume o f the breeding and brood habits of the species 
is given in Appendix 3 . 
Determination of the type a nd length of spawni n g season in 
a fish is important to age and growth stud ies, and a 
kno wl e dge of f e cun d i t y as it rel ates to recruitme n t is 
n ec es sa r y f o r manageme n t co nsiderations . Alt h o ugh mo st 
e v idence fr o m t he USA sugges ts a sho r t, la t e spring/early 
summer, spawn ing season fo r t h e c a tfis h ( Mansue t i and Hardy, 
1967 ) and i t h as been s u g g e s ted that multipl e s pawning may 
occur Brede r , 19 35 and initial o bs ervatio n s on the 
gonads of my catfish suggested that the latter was so in the 
Waikato. 
4 . 2 METHODS 
From ovarian weights, the gonadosomatic ratio ( GI ) 
was calculated as an index of gonad maturity. 
used was: 
GI ( % ) Gon ad We ight 
So mat ic Weight 
x 100 
The formula 
where Somatic weight Wet weight of fish - Gonad weight 
A GI of less than 1% was con s idered t o indicat e a state of 
.low maturity and ovaries in t h is ca te gor y - ( es t ablished by 
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visual inspect i on ) were not removed from the fish . 
After weighing, the ovaries were split longitudinally, 
turned inside out, and placed in a jar with Gilson ' s Fluid 
preservative ( Simpson, 1951 ) . The y we re shaken vigorously 
and left to hard en. Periodic shaking help e d to loosen the 
eggs from the ovarian tissue . After at least four months , 
the eggs were washed . Owing to the large size range of eggs 
in some ova r ies, th e most effective cleaning method was to 
use a double filte r s ys tem ( Plate 3 ) , thro ugh which the 
eggs were washed with cold wa ter. Af ter all the min ute 
fragments of ovarian tissue had bee n removed, eggs were 
washed from both fi lte rs into beakers for measurement and 
counting. Eac h sample was made up to 500 ml in volume and 
subsample s we r e taken wi th a Stempel pipet te ( Plate 3 ) of 
4.4 ml volume. Af te r inve r ti ng the sampl e twenty times to 
randomly distribute the eggs, a subsample was taken and 
placed in a squared perspex plankton-counting tray. The 
eggs were counted and measured to the nearest 0 . 05 mm under 
a stereoscopic dis sect ing microscope, using an ocul ar 
micrometer. Because of the lack of symme t r y in the eggs 
d u e to preservation, diameters were measured at random, 
rather than the maximum axis of each egg. De Jong 1939) 
said that in a fr equency histogram of ova diameters produced 
by this method, the differences b etween mod a l groups appear 
less obviou s than they are i n re ality . 
Egg counts were corre cted to g i v e tota l numb e rs per 0 .01 mm 
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size cl ass for each fish. Rep lic ate counts showed a 
coeffici en t o f var iation of 7.4 % between subsamples. 
Comparison bet wee n a total count of e ggs for one sample 
1 1 0 0 and the number es timated from subsampling ! 2 5 0 
showed an error of 8.8%. Bagen al 1957 found a coef f ic ient 
of variation of 10 . 05% in egg counts for the long rough dab. 
Simpson 1951 )had a coefficient of vari a tion o f 9.57% in 
his study on plaice. 
It was found that there was little variation in the weight 
or overall size of the testes between fish co mpared with 
that found between ovaries and because of this they were 
only occasionally removed. The teste s of Ictalurids are 
lobate rather than compact, solid appearing glands as is 
us ual in warmwater fish ( Sneed and Clemens, 1963 ). 
Section s were prepared from ovaries which had bee n 
fixed in Bouin's Fluid. The fixed gonads were washed in 
running tap water for 24 hrs to remove the Bouin's Fluid. 
Ovaries with small oocytes were cleared in xylol/chloroform, 
and embedded in p a raffin wax in the normal manner. Ovari e s 
with large heavi ly-yolked oocytes were cl e ared in Cedarwood 
oil. 10 micron sections were cut, stained in Ehrlich's 
naemotoxylin and counter stained in eo sin . Duplicate s e ctions 
were stained in Heidenhain's haemotoxylin. It was found that 
sec t ions staine d i n He i denh a i n ' s gave much clearer p ho t ographs 
than did those stained with haemotoxylin and e osin. 
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Plate 3 
Egg cleaning apparatus, with 0.5 mm mesh filter 
i n t he top funnel, 0.09 mm mesh in lower funnel. 
Stempel pipette in 500 ml cylinder, showing the 
sampling position. 
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4.3 GE NERAL REPRODUCTIVE BIOLOGY 
AGE AND SIZE AT MATURITY 
No consistent external differences between the sexes 
were apparent in I. nebulosus, but the sexes could be 
differentiated by the gonad present in fish longer than 
9.0 cm. In young of the year catfish ( about 5.0 cm long 
the gonads consisted of undifferentiated orange coloured 
t issue lying clos e to the ver e bral column. The ovari e s of 
a fish 13,0 cm long and in its second yea r of life, contained 
predominantly 0.1 - 0.2 mm diameter oocyte s 95 % ) , but 
some ova were up to 0.6 mm in diameter. The smallest sized 
fish with almost mature ova was 22.1 cm long, with a gonado-
somatic index of 13.8%. The oldest fish fou nd in the Wai kato 
( 7+ ) ( Fr o ntispiece ) had no pparent gonads . 
The female catf ish first beg i n s to develop secondary ooc ytes 
at a length of 13.0 cm and age 1+; Menzel 1945) repor ted 
the length at maturity for I. nebulosus in Virginia, USA, 
as being 15.2 - 1 8 .0 cm, and it appears as though the size 
at first maturity is similar between the Waikato catfish and 
those from its native habitat. Menzel however does not quote 
th e age at sexual ma turity. Scott and Crossman 1973 ) s ai d 
sexual maturity is attained by age 3 and a length of 20.3 cm. 
SEX RATIO 
The sex ratio for a total was found to be 52 .6 % fe mal es 
to 47.4% males. A Chi-square test showed no sign i f ic ant 
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di f f ere nc e fro m a rat io of 1: 1 ( P = 0. 4 ) . Th is relationship 
was as expected, because 1· nebulosus is a nest building 
species ( Breder, 1935 ) . 
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4.4 SPAWNING SEASON 
Although f. nebulosus is known to be a nest bu i lding 
s pecies Breder, 1935 ) , no nests were ever located in the 
study area . This was because of the dense root e d macrophyte 
commun i ties , which prevented any direct observa t ions on the 
fi sh to d e t ermine spawn ing seas o n . 
Another me thod which may be u sed t o establish t he spawning 
season is by calculation of the percentage of running 
r ipe fish per month . Fish which had large, fully yolked 
o va present were caught at intervals, but none in the running 
ripe cond i tion we re f o und. One possible r e a son is tha t 
rip e fi s h may h a ve she d thei r g a metes while held in the net 
overnight, b u t it is more li k el y that a fish in which 
spawning was i mmi n ent, would re s trict i ts move me nts to the 
near vicinity of the nest and consequ e ntly would no t be 
caught in a fyke net. In some species of fish the final 
stage of vitellogenesis is very rapid. Yamamoto and Yoshioka 
19 64 ) showed that in the freshwater fish Oryzias la t ipes , 
o ocytes at the te~tiary yo l k stage { 0.6 mm diameter) deve l op 
i nto t h e r ipe stage 1.3 mm over about half a day . The 
s ame may be true for the catfish, but an i ntensive study 
wou ld be n e c essary to pro ve this. I t ha s been establishe d 
t hat catfish spawn during the day ( Stranahan, 1910, Breder , 
lee. cit ) and because my fishing took place at night t i me , 
there co ul d h ave been s u fficient time for r apid egg maturation 
which would ensure that no running rip e fish we r e caught. 
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4 . 4. 1 SEASONAL REPRODUCTIVE CYCLE 
Changes in ovaria n weigh ts through the year , represented 
by the gonadosomatic index GI have often been used to 
illustrate gonad developme nt in fish studi es . This index 
illustrates t he seasonal state of maturity of a fish, and a 
graph of the annual variations of GI in a population is often 
u sed to est imate the typ e and length of spawning sea son 
( Yamamoto an d Yo s hioka, 196 4 ) . 
The annual GI measureme nts for the catfish are shown in Fig 
14. The mean GI value incr e ased during the early winter 
months ( June through Augus t) to reach a peak i n September, 
after which the mean value began to drop, indicat i ng the 
commenceme nt of sp a wning, The rapid increase in mean GI 
whi c h occur r ed after August corresponded to a ge neral 
increase in water temperatures for the regi on at the s a me 
time Fig 2 ) , which sugges ts that the onset of maturation 
may be temperature dependent, a point which is clarified in 
th e discussion of ova maturatio n. After sp a wnin g ther e was 
a gradual decline in the mean GI until February when all 
fem a l e fis h had a GI o f approximately 1,0%. 
From the above evidence it was i nf erred t hat the duration of 
th e s pawning s e a son was a pp r ox im atel y f our months , from 
September to De cember . 
The descending region of t h e g ra h e x tends ove r t h ree mon ths , 
and t his h as been s ugg e sted t o be charact e ri s tic of mu l t i ple 
l 
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spawning fish. Yamamoto and Yoshioka 1964 showed that 
the curve of GI of Liopse tt a obscura, a fish which spawns 
only once per year, falls abruptly after the commencement 
of spawning, from a GI of 28% to 1.5% in one month. However 
in the goldfish Carassius auratus, which spawns several times 
per season , Yamamoto and Yamazaki 196 1 found a slow rate 
of descent of the GI curve after reaching its maximum value. 
The same typ e of curve has been found in other multiple 
spawners such as sc2~ japonicus ( Tateishi et al, 1957 ) , 
and the Medaka Oryzias latipes ( Yamamoto and Yoshioka, lac. 
cit). 
The wide range o f GI values through the months October / 
November indicates that although the apparent peak of 
spawning was in September, fish were still mat u ring as late 
as November. This indicates a wide range in gonad maturation 
rates in the Waikato fish, which also suggests multiple 
spawni ng. 
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Plate 4 
Ovary from a 32,2 cm fish, with a GI of 
18.1%, caught on 8/10/75, The largest 
ova were 3.0mm diameter 
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4.4.2 OVA MA TURAT ION 
I NTRODUCTI ON 
Hickling and Ru t en berg 1936 ) suggested that measure -
ment of the diameters of ov a from ovarie s well advanced 
towards spawning may give evidence of the duration of 
spawning. From the general egg stock , of sma l l y ol k l ess 
t ra n sparent egg s , a quota is withdrawn each year , to be 
matured and eventually spawned, and a new batch of oocyte s, 
which have developed ben e ath the surface of the ovigerous 
lamellae, is added to the general stock . If the spawning 
season is short and definite, th e eggs withdrawn will be in 
a single batch clearly d i stinguishable, at least i n th e late 
maturation st ages , from the parent egg stock. When the 
season is long and i ndefini te, withdr awal of eggs fr om th e 
general egg stock will be a continuous proces s and no sharp 
separ atio n between the maturing and general stock will occur. 
A cursory examination of catfish ovaries showed tha t t wo, 
possibly three, siz e groups of o v a were present Plate 4 
which suggested that the spawn ing season might be l o n g and 
indefinite , wi th multiple spawn i ng o c c urri ng. 
OO GENESIS 
A histological study of oocyte maturation in the catfish 
showed fi ve dev e lop me ntal stages : 
1) Oogonia 
Th ese ce lls , of about 5 mi crons d iameter , appeared in 
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Plate 5 
A Transverse section of an ovary showing 
developing oogonia ( Og , primary oocytes 
( P), and nucleoli ( N). 
Scale= 20 microns Heidenhain!s haernotoxylin 
B Transverse section of an ovary showing the 
stages of va cuolation V ) of secondary oocyte s 
from the point of first appearance of vacuoles 
( stages 1, 2, 3 ) . 
Scale= 60 microns Heidenhain's haemotoxylin 
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'oogoni al nests scattered around the ovary ( Plate SA) 
They were .appar e nt in fish caught in late summer but not in 
a recently spawned fish caught in spring, and it appears 
that the c atfish follo ws the pattern found in many teleosts 
e.g Mystus tengara, Guraya et al, 1975 with the oogonia 
the new season's stock) only developing towards the end 
of a spawning season. 
2) Primary Oocyte 
The size of these developing oocytes ranges from 0.0 4 
to 0.2 mm in diameter. The nucleus is large and the cytoplasm 
stains deeply with haemotoxylin. A numbe r o f nucleoli 10-
25 are a rranged around the periphery of the nucleus Plate 
SA Whe n ovaries we r e preserved in Gilson's Flui d, a larg e 
number of small oocytes less th an 0 .1 mm diameter were appaEent 
in many fish. These oocytes had a white nuclear re gion, ab out 
half the total diameter, and a milky cytoplasm surrounding 
it. They were very different from the oocytes larger than 
0.1 mm, which were completely white. Because of their 
number, it was thought that, rather than being arti f acts, 
they were small primary oocytes which had been affected by 
treatment in Gilson's Fluid because of so me feature of 
their cy toplasm. Because the egg samp l es were fi l ter e d 
through a 0.09 mm mesh it is probable that most of the 
smaller oocytes of this type were lost. I n the ova diameter 
frequency analysis these oocyte s were grouped u nder a 
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category called preprimary o o c yte s. 
Se c ondary Oocytes· 
3) Vacuolation 
Vacuoles, which increase in size and number as the 
oocyte develops ( Plate SB), first appear in the periphery 
of the cytoplasm of oocytes of a minimum size of about 0.2 
mm in diameter in sectioned material ) . 
4) Vitellogenesis 
This process first occurs in oocytes of about 0.6 mm 
diameter, when yolk droplets appear associated with the 
vacuoles. These droplets stain deeply with haemo toxylin. As 
vi te lloge n esis continue s, th e o ocytes become so heavily 
yolked that the y are v ery di fficu l t to embed in p araff in 
wax. Plate 6A shows a heav i ly yolked oocyt e and Plate 6 
the details o f th e me mb ranes surrounding a vitellogenic egg. 
An important feature here is the size of the granulosa cells 
which are thick and well developed. In teleosts such as 
Cheilodactylus macropterus with free floating eggs, the 
granulosa consists of flattened follicle cell s ( Tong and 
Vooren, 1973 ) . The reason for the better development of the 
follicle cells in the catfish is probably because the eggs 
are a d hesi ve rather than p l a nk t onic . 
5) Mature Eggs 
Mature eggs were identified f rom t he samples p reserv ed 
in Gilson's Fluid, and were in the si ze range 2.5 - 3.2 mm 
i n diameter. 
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Plate 6 
A Transverse section of an ovary showing a 
heavily yolked secondary ooc yte of 1 .0 mm 
diameter. 
Scale= 770 microns Haemotoxylin and eosin 
B Detail of an egg showi ng the theca ( T ), 
zona radiata ( Z ) , and yolk globules y ) • 
Scale 20 microns Haemoto x ylin and eosin 
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RESULTS 
The results from the gonadosomatic index study 
suggested that the onset of spawning was controlled extrins-
ically by temperature. However, if the trigger ing of ovary 
maturation was extrinsic, then the ovaries of similar sized 
fish, collected in the same sample would be expected to be 
at approximately the same stage of maturity. The ova diameter 
frequency distributions in a sample of seven 2+ fish are 
shown in Fig 15. It is apparent that there wa s wide variation 
between the fish, which suggests that the onset of maturation 
is not cont rolled ex trinsically be a s ingle facto r. It is 
more likely to be decided b y severa l factors such as the 
individual's internal readiness and ava i lability o f spawning 
sites as well as t he overriding in fluences o f temperature 
and photoperiod. Guray a et al 1975 concluded that the 
interaction of these factors controlled the onset of maturat-
ion in the Indian catfish Mystus tengara. 
Since there was such wide individual variation, no chr o no-
logical arrangement of ova diameter data to show ova maturation 
could be made . The results have been grouped into six stages, 
using the criteria shown in Table 5, and according to the 
loc a tio n of the largest mode i n t he ova diame t er frequency 
distribution for each fish. This type of classification 
has been used by Cl ark 19 34 and Saigal 1967) with 
multiple spawning fish in preferen ce to the International 
Maturity Scale o f Hjort 1 9 1 1 an d the scale of ikol s kii 
Fig 15 
Ova diameter measurements for seven 
2+ fish ( caught on 6/11/75 ) . 
Mean length= 23.0 cm ( 22.1-23.9 
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196 3 ) . Th e cut- o ff po i nt for e ac h st age was arbit ra ry 
and does not reflect the continuous proces s occurring in the 
ovaries. Figures 16 - 21 show the mat uration . o f ova from 
ovaries of fish c a ught betw e en April 1 9 7 5 a n d Ma y 1976. 
Fish with a gonadosomatic index o f less th a n 1.0 % ( stage I ) 
were not usually removed for analysis. 
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Table 5 Ovary Stages 
Stage Characteristics 
I ( immature Predominance of immature ova 0.1-o.2 mm in 
diameter ( primary oocytes ) . Macroscopically 
f ew eggs distinguishable to naked eye. Ovary 
turgid, GI less than 1.0 %. No preprimary 
oocytes present. 
II ( maturing ) Two categories of ova present, large primary -
oocyte class and small group of secondary 
oocytes greater than 0.03 mm diameter. At 
the beginning of this stage 1 eggs just visible 
to naked eye, ovary tur gi d and 40% length 
of body cavity, GI from 1.0-1.5 %. At end 
of stage, ova up to 1 .0 mm d iame ter a nd yolk y , 
G! greater than 1. 7%, pr eprimary oocyte s 
first ap p aren t. 
III ( maturing) Ovaries occupy up to 70% l eng th of body cavity 
IV ( mature ) 
v partially 
spe n t) 
VI r ec o vering 
s pent) 
eggs golden coloured. Continuous distr ibution 
of ova from 0 . 1-1.5 mm in d iameter at end of 
stage, with three modal groups apparent. Pre 
primary oocytes present in large numbers, GI 
up to 6. 0 % • 
Ovaries occupy up to 90% o f body cavity, 
eggs yellow coloured. Discontinuous dLstri -
bution of ova, with ultimate modal group 
0 
separate from main body of 2 oocytes . GI 
from 6.0-18.0%. At end of stage, ultimate 
modal group at mean size o 3.0mm a nd mature. 
Ovar ies flaccid compared with stages I~Iv. 
GI from 1.0-2.5%. Two mod a l groups, with 
largest of 1 20 0- 1 5 00 ova. 
Primary oocyt e s p r edom inate. GI less t h an 
1 .0%. Di f fere ntia ted from st a ge I by £ laccid-
ness of o vary . 
Figs 16-21 
Ova diameter histograms from fish 
caught between April 1975 and May 
1976, showi ng ovarian stages I - VI 
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No secondary~ nor preprimary, oocytes were apparent in 
the stage I ovaries examined ( Fig 16 ) . The lack of these 
oocytes,and the la rge numbers of oocytes in the 0.1-0.2 mm 
size class, suggested that this was the general egg stock 
of primary oocyte s which would provide th e eggs for the 
comming years spawnings. 
As development progresses into stage II ( Figs 16&17 ) , the 
ova increase in size, become vacuolated, and the percentage 
frequency of ova in the general egg stock begins to decrease. 
At the end of this stage there is a continuous range of ova 
sizes from 0.1 to 1.0 mm, with vitellogenesis o ccu rring in 
th e larger oocytes and preprimary ooc y tes begin t o appear. 
This apparen t lag i n production of p repr imar y oocytes was 
probably due to the effect of using a 0,09 mm filter. If 
the production of oogonia was a discrete precess rather than 
~ontinuous, then this would show up as a discontinuous 
distribution of primary oocyte sizes, as has occurred. The 
general egg stock seems to be diminishing in size as ova 
ar e removed from it, but with no apparent input from preprimary 
oocytes during most of this stage, until some of the larger 
oocytes have reached 1.0 mm in diameter. According to . 
Hickling and Rutenberg 1936 this pa tt er n i s indicative 
of a long and indefinite spawning season because the with-
drawal of eggs from the general stock is continuous, and no 
sharp separation between th e general and maturing stocks 
occurs. Bagen al 1967 stated that " In some cyprinid s 
8 0 
the eggs matu r e slo wly and the s p awn ing se ason i s prolon ge d . 
In such cases all of the rr. aturing eggs ar e not of the same 
size and do not differ markedly from the recruitme nt stock. 
A size fr e quency d iagr a m of egg diameters in the o v arie s 
would exhibit a number of modes, and a s h a r p d istincti o n 
between the recruitment stock and the maturing eggs would 
b e difficult to make " Such a pattern is apparent in this 
stage and b e comes even more evident in stag e III . 
In stage III ( Figs 18&19 the number of pr e prima ry oocyt es 
increases and accoun ts fo r up to 50 % of the total numbe r o f 
ooc y tes. As the me a n d iame ter o f t he ulti mate modal group 
inc re as es , t h e p e rc en t a g e o f pr imary o o cy te s 0 1 and ge n e r a l 
stoc k fluctua t e s, suggest in g that e v en du r ing th i s sta ge 
primary oocyt e s a re b eco mming v a c u ol a t ed . At t he en d of 
this stage ova o f all sizes fro m 0.1 to 1 . 6 mm in di amet er 
occur, with three modal groups present at; 0.2, 0,5, 1.5 mm 
diameter ( separat e d by Cassie's, 1954 , leng t h f requency 
analysis method ). 
In stage IV ( Fig 20 the ultimate modal group eggs have 
beco me very yolky and in preserved material are golden in 
colour compared with the penultimate group o f o v a which are 
white . The ova diameter distri b u ti on bec omes d i sco n ti nuou s 
as these large ova reach maturity , suggesting th a t th e y 
dev e lop in size a t a much fast er r a te tha n do t he other 
secondary oocytes. The last ovary s hown in th e stage IV 
series h a s an ult i ma te mo dal gro up of ova fro m 2. 3 - 3 . 2 mm 
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in d iameter , which we re con sidered to be fu lly ma ture. 
Menzel 1945 ) found the egg s of se xual l y mature bullheads 
to be 2.0 - 2.5 mm in diameter, but Armstrong and Child 
indicated a size at matur ity of 3.0 mm. Bachmann 1962 
1 9 1 4 indicated a size diff er ence of 1.0 mm between the 
egg s in different nests. 
Stage V ( Fig 2 1 is composed of fish which appeared to 
have already spawned a t le a st once. The ovaries were up 
to 50% of the length of the bo dy cavity but were flaccid. 
Ova from these fish were in two major siz e groups, t he largest 
with a mea n diameter of 1 .7 mm. 
The size range of ova from a stage VI fish Fig 21 ) was 
similar to that in a stage II fish bu t the ovary was flaccid 
c ompared to the latter. It was t hought that the ovary was in 
this state because the ovary wal ls had insufficient time to 
shrink after being subjected to the large ova of stages IV 
and V. It was probable that th e ovary was in this cond iti on 
for a very short time , since only one was ever found. 
DISCUSSION 
The polymodal distributio n of ova in almost mature 
ovarie s strongl y suggested that as the ultimate modal group 
of ova was matured and was spawned , the preceding 
( penultimate ) group also ma tured to be spawned later in 
the season . Other investigators since Hi ckling and Rute nbe rg 
. ( 1936 have found the same p a tterns of ova maturation in 
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fish and concluded that it i ndicat e d multiple spawning 
( e .g Clark , 193 4 , Saigal, 1973) . All investig a tors have 
found it necessary to show that t he penultimate group of 
o va does not represent eggs that will be spawned in succeeding 
seasons , or does not comprise eggs that will n e ver ripen 
but will degenerate and be resorbed at th e end of the season. 
If onl y one b a tch of ova i s spawned per year , t hen a relatively 
constant ratio between the number of maturing and mature ova 
would be e xpecte d . Ho we ver it was f ound t hat t he r atio in 
fish with stage IV ovarie s ranged from 1:10 to 1:5. Examin-
ation of st a ge V ovari e s provide d fu r th e r e viden ce for the 
spawning of the p enult im a te mod a l group of a stage IV f ish. 
Th e se st a ge V fi sh wer e p resumed to have spawned e ar lier i n 
the season because o f the flac c idn e ss of th e ov a ry. Ov arie s 
of thi s type were first seen in December but most occurr~d 
in February. The ultimate modal group in these ovaries 
contained only about 15 00 ova, approx i ma tel y h alf the n u mber 
in the ultimate mod a l groups of stage IV fish, even though 
they were in s everal cases much la rger fi sh . It was concluded 
that these wer e not residual eggs being resorbed since they 
did not break down i n Gilsons Fluid in which , accord ing to 
Macer 19 76) 1 a~retic eggs wo u l d . Section s of stage V 
ovaries showed large vite llogenic ova present with no si g ns 
of mass atresia, although occasional resorb ing eggs were 
app arent ( Plate 7B ). 
The stage V ovary from a fish caught in December had a large 
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number of empty fol licles present ( P la te 7 A) wh ich 
indicated that th e fish had previously spawned, and also 
h ad many vitellogenic oocytes present . In th e stage V 
ovari es t aken in February there were only occasional remnants 
o f empty follicles presen t. The vitellogenic oocytes in 
these February fish were larger than those in the December 
fish which suggests that if the follicles remain in the 
ovary for a long time, th en the spe e d o f vitellogenesis is 
slow. The actual time for whi ch empty follicles remain in 
the o varies varies between fish species. Yamamo to and Yamazaki 
1961 found that the follicles existed for a long time in 
the goldfish Carassius auratus , but Yamamoto and Yoshioka 
1964 found they disappear within three days in the Medaka 
Oryzias latipes. It appears that the rate o f disappearance 
of the follicles i s closely linked with the rate of v ite l-
lo genes is, whi ch is very rapid in the Medaka. 
The evidence outlinad above suggests that multiple 
spawn ing occ urs in J.n e bulosus but gives no indication of 
the periodicity involved. Clark 19 34 ) found that th e 
oocyte maturation rate was slow in the Cali forni an sard ine. 
If t he rat e of matura tion i s si milarl y slow in the catfish 
then the pattern would be as follows: 
I II 
~\ 
V III 
spawni ~ 
IV 
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Plate 7 
A Trans v erse s e ction of an ovary from a 
stage V fish cau ght in December, sh ow i n g 
evacua ted follicles ( Ev ) , prima r y 
oocytes P ) , and vacuolated secondary 
oocytes ( S ) 
Scale= 200 microns Heidenhain's haemotoxylin 
B Transverse section of Stage V ovary showing 
atresia ( At ) , and secondary oocytes ( S 
wi th a dark b and of y o lk forming nea r the 
vacuoles . 
Scale= 150 microns Heide n hain's haemotoxy l i n 
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As a f is h spawned it would pass from st age I V to v t hen 
·whilst th e next moda l group matured,. th e fish would pass 
back in to stage IV. When the last batch of ova for the 
season had been spawn ed , the fish wo uld then pass into st age 
II, a resting phase , wher e the number o~ primary oocytes 
was built up for the following season. It is also possible 
that the period of matu r a tion between stage s III and IV is 
very short rather than a long process as portrayed by the 
scheme above. The final st a ges of the process of vi tel-
logenesi s may be very rapid and most of the increase in 
si ze of the late maturing oocytes may be due to water uptake. 
With such a rapid maturation process the pattern would be: 
In this situation the time spent in stage IV and V would be 
brief, with the major part ~f the cycle being s pen t in stages 
II and III. 
Irrespective of th e speed of the fin a l stages of v itellogenesis 
in the ultimate modal group of ov a , it would be probable that 
th e interval betwee n spawning of suc~essive batches of ova 
would be equ al to the length of ti me from spawning to the 
po int where the school of young guarded by th e parents breaks 
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d own ( appro x i ma t ely 3 weeks , Br eder , 1935 ). Th e mini mum 
time at least would h a ve to be 6 - 9 days becaus e it has 
b e en est ab li s hed ( Ar mstrong a nd Child, 1 9 62 that during 
th e pos t - s p aw ning peri od the egg s must be contin u al ly ae r ate d 
by th e p a r en ts f o r t h em to be viabl e Appen d ix 3 ) • The 
burden placed on the parents i.e continually aerating the 
eggs and caring fo r th e devel oping young, would probably be 
too gre a t f o r a n y les s th a n th r e e weeks ba tches to o c cur. 
The duration of the spawning season c a n b e estimated by 
the time be t we e n t h e f irst appe a ran ce o f sta ge IV fish and 
the time wh en th e l ast sta ge V fis h was c aught . The f i rst 
s t age IV fis h , wi t h ova o f up to 1.8 mm i n d iamete r, were 
found i n J u n e 19 7 5 ( Ta ble 6 but a fully mature fi sh wa s 
not c augh t un ti l Au g ust . It i s i mp os si b l e to determi ne h o w 
close t h e June f is h were to sp a wn i ng b ecause t h e s p eed of 
the fin a l stages of v itellogenesis is not known. It can only 
be surmised that the beginning of the spawning season for 
the catfish is, at the earliest, late June. The last stage 
V fish was caught in late February, i ndicatin g a late February 
/March close to the season. This nine month spawning season 
is much longer th a n wa s suggested b y the gona d oso matic index 
st u dy which shows that analy s i s o f ova mat u rati on, t ather 
than chang e s in gon a d weight, is a mor e r e li a ble indicator 
of du r at i o n of spawnin g seas o n . Ho wever it is unl i k ely that 
indivi d ual fe mal es were sp a wning ri gh t t hrough this period. 
To pr e c is e ly d e termine th e l eng th o f t h e s pawn ing sea so , a 
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Table 6 
Monthly Variation In Ovarian Stages Of Fish 
Numbers of fish/stage/month* 
II III IV v VI 
April 2 
May 3 
June 1 0 4 4 
July 
August 
September 2 
October 4 
November 3 2 
December 1 
January 4 
February 
March 
April 
May 3 1 0 
* includes fish staged only by gonadosomatic index. 
88 l detailed histomorphological study of ovarian changes through 
the year would be necessary ( as done by Yamamoto and 
Yamazaki, 1961 ) . 
Further evidence for a long spawning season is provided by 
the wide range of calculated lengths from the age and growth 
study , where f i sh at age 1 varied in l ength fr o m 5 . 4 t o 14 . 6 
cm. Although some variation may be expected due to different 
growth rates, the wide range found is best explained by a 
long season, 
Marz a 1938 suggested three categories o f 
oocyte ma t uration and since then a numb er of authors h ave 
f ollowed this system ( e.g Guraya et al, 1973, Yamamoto and 
Yoshioka, 1964 ) . The categories are: 
a) Tot a l synchronism - where all the oocytes develop 
synchronously in the ovary, as in Onchorynchus masou 
( Yamamoto et al, 1959 
b) Partial synchronism - where two g ro ups of oocytes can be 
distinguished, indicating spawn ing once per year, with 
a short and definite season as in herrings ( Hickl i ng 
and Rutenberg, 1936 ) 
c) Asynchronism - where several batches of oocytes in different 
stages are present, indi catin g a long spawning season 
and several spawnings within the season, as in sardines 
( Clark , 1934 ) . 
The polymodal frequency distribution of oocytes in a mature 
ovary of Ictaluru s nebulosus indicates that the species 
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belongs to this th ird ca teg o ry . The fact t hat the intermed -
iate batch e s of ova do not appear to degenerate but are 
spawned, indic ates the catfish is capable of multiple 
spawning s in a season . The results d o not reveal th e exa c t 
number occurring but suggest a mini mum of two . 
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4.5 FECUNDITY 
Fecundity is here def ined as the total number of 
secondary oocytes present in the ovaries prior to the first 
spawning of the season. 
The rel ationship between egg numbers ( N) and length of 
fish is shown in Fig 22. A natural log transformation was 
made on the data, as suggested by Bagenal 1966 , to 
stabilis e the va rian ce along the regression line. The 
relationship was of the form y = b ax where b = 2.375. 
Thus the n umb ers of eggs increased wit h the length o f a fish. 
It is not valid, however, to say that the calculated egg 
numb ers equalled the number of eggs to be spawned in a season 
because it was apparent that primary oocytes~were developing 
into secondary oocytes continuously th r ough the year. 
However, an indication of the number of eggs which may be 
spawned in a season can be gained by determination of the 
number of yolked oocytes in stage IV and V fish Table 7 ) 
On the assumption that there was a minimum number of two 
spawnings in a season, summation of the numbers of ova in 
the ultimate modal groups of stage IV and V fish will give 
a minimum number of eggs to be sp awn ed in a season. The 
possible rang e was from 3522 ( 2499 + 1023 to 7443 ( 6137 
+ 1306 ) depending o n the size of fish. If, in addition, the 
penultimate group from stage IV is also released, then the 
number spawned could be up to 17,000. 
Berg 1949 ) estimated that I. nebulosus in the USSR spawn 
Fig 22 
Egg Number s Versus Length 
ln N ln 12.93 + 2.375 ln L 
The regression accounted for 52.3% of the variation 
F 40.56 P = 0,000000 
N Number of secondary oocytes 
L = Length of fish 
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Table 7 
Oocyte Numbers In Stage IV And V Fish 
Length of fish Number oocytes in Numbe r oocytes in 
( cm) ultimate group penultima t e group 
36.0 6010 indistinc t 
32.2 3864 6024 
32.0 2499 3522 
27.9 295 4 7726 
IV 
27.4 3863 9431 
26 . 9 2500 8066 
26.8 2885 6476 
23.6 6137 5663 
2 2 . 1 2499 3522 
37.1 1306 
29.3 10 23 
v 
23.5 1250 
2 5. 1 1250 
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2000-300 0 eggs per year wh ic h i s considerably le ss than the 
minimum number of eggs indic a t ed in this study, 
The total number of second a ry oocyte s in catfish ovaries 
prior to spawning varied from 12,159 to 76,021 fo r fish 
f rom 22.1 to 36 . 0 cm long, which is considerab l y h ighe r than 
the 2000- 1 3,800 Mansueti and Hardy, 1967 and 6000-13 1 000 
( Eddy and Surber, 1943 ) recordec for the bullhead in the 
United Sta t es . 
These figures indicate that the possibl e fecundity and 
the prob ab le number of eggs l aid per season was cons i derably 
higher in th e catfish from the Waikato r egion compared with 
th e northern hemisphere. 
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Chapt e r 5 FEEDING BIOLOGY 
5.1 METHODS 
Stomachs were removed frm catfish caught b etween April 
1975 and May 19 76. Each stoma ch was alloted a valu e for 
fullness according to the visual estimation classification 
of Ball 19 6 1 ). 
Visual estimat io n 
Distended 
Full 
3/4 Fu ll 
1/2 Full 
1/4 F ul l 
Tr ace 
Empty 
Points 
1 0 
8 
6 
4 
2 
0 
Stomach contents we re then removed and preserved in 4% 
Formali n for la t er ana lysis. 
FOOD ANALYSIS 
The total settled volume of the contents of each stomac h 
was determined using a measuring cylinder as shown in 
Plate 8. Stomach contents were sorted under a binocular 
dissecting microscope and analysed according to the following 
thr ee methods: 
1) Numerical analysis 
In a stomach sample a count was made of all the 
indi vi du al s of each food item, which was i de nt if ied to 
sp e cie s level where p os s ible. Numb er s of Chironom i dae were 
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ascertained by counting the number of head c a psules pr e s~nt. 
This was necessary because, generally, digestion initially 
separa t e d the head from the rest of the body, 
2) Volumetric analysis 
The total volume of each species ( or taxa in a sampl e 
was measured using the cylinders shown in Plate 8. The 
total settl ed volume was measured rather th a n the volume of 
water displaced ( a s is usual in v olumetr ic analysis ) 
because of the difficulty in handling samples with large 
amounts of detritus present. 
3) Frequency of occurrence 
The number of fish stomachs in which each food species 
oc curred was calculated, the results be ing expressed as a 
p ercentage of the total number of food conta inin g s tomachs, 
to give th e relative frequency of occurrence. 
Plate 8 
Measuring Cylinders 
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5.2 RESULTS 
Of 141 fish stomachs checked between April 1975 and 
May 197 6 , 4 6 ( 3 0 % were found to contain food. This low 
percentage of food containing stomachs was due to the fishing 
methods used in this study, where the nets were set at night 
when catfish are most active, being nocturnal predators. A 
fish caught early on in the night would have little food 
present in the stomach when the nets were uplifted the 
following morning, presuming the previous night's meal had 
already been digested. Fish caught after several hours 
feeding would have had up to 12 hrs to digest any food in 
the ir s to machs before they were examined and only those fish 
caught late at night wo uld have full stomachs when examined. 
On a number of occasions fyke n e ts contai ned a large numb er 
of eels, making conditions very crowded, and in such 
circumstances it was possible that some catfish regurgitated 
their stomach contents. Regurgitation sometimes occurred 
during transportation to the laboratory, often a trip of 
50 kilometres or more. This could have been prevented by 
killing the fish immediately after trapping, but catfish, 
upon death, exude mucous from skin chemorec eptors ( Appendix 
4 ), mak ing them ve ry messy to handl8 in the laboratory. 
Detritus, consisting of macrophyte and unidentifiable 
organic de bris, constituted a large proport ion of th e t otal 
stoma ch contents of most fish. The presence of this material 
caused problems in nalysi s and it was impo ta nt to e stabl' sh 
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whether or not it was a significant food item . Observations 
on catfish feeding in aquaria showed that when a suitable 
food item was encountered, the fish would open its mouth 
and suck in both the food ite m and any debris that was 
surrounding it. Sometimes the catfish would expel the debris, 
at other times it wou ld not. Analysis of the stomach contents 
of two fish kept in an aquarium showed considerable amounts 
of organic debris present. 
In the stomach samples if appeared that the amount of 
detritus was related to the particular locali ty in which 
the fish was caught. Below are shown the perc entages of 
volumes of detritus and animal material for t he three 
localities studied. 
Lake Waikare 
Waikato River 
Lake Waahi 
Volumes ( %) 
Animal Detritus 
66.3 
6 1 • 1 
3 1 • 9 
3 3. 7 
38.9 
68.1 
At test showed a significant difference between the volumes 
of detritus in the Waikato Rive r and Lake Waahi t= 2.672, 
P< 0.0 2, df 32 but none between the river and Lake 
Waikare . These results reflecte d the condit ion s in the 
lakes and river. The greatest percentage o f de tritus wa s 
found in Lake Waahi fish and a substantial portion of this 
material was partially decomposed macrophyte detritus. Lake 
Waahi during the summer months becomes almost unnavigable by 
boat due to the extensive growth of macrophytes , which break 
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down in situ to leave an extensive layer of detritus 
on the lake bed. Lake Waika re o n the o ther hand has f e w 
macrophytes present, the detritus in the stomachs of fish 
from this lake being a white material, of unknown origin, 
rather than plant detritus. Waika to River fish had both 
macrophytic material and filamentous algae present, but much 
less of the former than in Lake Waahi fish. This was as 
expected since, although submergent and emergent macrophyte 
commu nities are pre s ent in the river, thus creating in 
situ detritus, this material is less stable, being suscep-
tib le to fl u shing out by var iations in river water velocities. 
The two major food items of the cat fish were detritus 
dwelling species of Chironomids and Oligochaete worms. It 
was thus concluded that the detritus was taken up accidentally 
and was not a primary food source, but th at some nutrition 
could be g3ined f rom the associated bacterial flor~. Cabl e 
1928 ) studying the food of the bullhead in South Dakota , 
USA, found that where both animal and plant foods were 
available, the fish took the animal and rejected th e plant 
material. In only three out of the eleven lake s studied was 
plant material an important constituent forming 23.5, 37.1 
and 45 % of the diet. Although c oncluding that the plant 
material was not take n by accident and was digested, she 
found that tho ugh the quanti t y of anima l material was 
proportionately greater th an plant mater~l in th e stomach, 
the reverse was true in the intestine. Other authors studying 
99 
the diet o f bullheads make no mention of significant amounts 
o f pl a nt mate r ial ( e.g Raney a nd Webster , 1939, Turne r, 
19 66 ) . 
One fish fro m Lake Ngaroto was found to have significant 
amounts of filamentous algae Oscillatoria .§..£, Spirogyra §12F 
Oed ego nium §..2) in its digestive system . Gunn ( · 1966 ) found 
t hat algae often represented more th an 60% of the diet o f 
I . nebulosus in the Ot t awa River, Canada , an d Gunn et al 
1 9 77 ) found t h at the bullh e ad was capab le of metabolising 
c 14 from Spirogyr a §1?. and Anabaena flos-aguae. It was 
concluded from thi s that although generally a lgae were n o t 
a signif i cant food item in the Waik a to, catf i sh do som e times 
f e ed o n the m and ar e cap a ble of metabo l i s i n g algae. 
The mea n 
index of fullness results are shown i n Table 8 . At the 1% 
l evel there was a significant difference b etwee n the me ans 
for Lake Waikare and Lake Waahi fish ( t = 3.078, d f = 24 ) 
and at t he 5% le vel a significant difference between Lake 
Wa i kare and the Waikato River ( t = 2.1599, df 2 4 ) • These 
results reflect the levels of detritus found in the stomachs 
of fish from each area, with the high indice s being recorded 
in the Waikato River a n d Lake Waahi f i s h b e c ause o f in ge s t ion 
o f large volume s of detritus with the animal fo o d . 
Lake Waikare 
Lake Waahi 
Waikato River 
Table 8 
Mean Ind ic es Of Fullness 
Mean 
4.4 
8. 1 3 
7. 1 3 
Ra nge 
1 0 
2 - 10 
2 - 1 0 
LAKE WAAHI 
1 0 0 
Number of fish 
1 0 
1 6 
1 6 
The stomach contents from Lake Waah i f i sh ar e shown in 
Table 9. Numerically th e most a bundant food organisms were 
aquatic oligochaetes. These were not identif ied because the 
setae which are generally used to identify t he species had 
been d ige sted o ff the bodies. Th e chironomid Polyped ilum 
pavidu s was second in abundance numer i cally, six times as 
abundant as the o ther chironomid Chironomus zealand icus . 
These three most abundant ta xa numerically also rank i n the 
same order and proportion in the volumetric analysis, and the 
relative clo seness of t he t wo sets o f results in di cates th a t 
in this case there is no apparent bias in either meth od. The 
results from one stomach sample have bee n omitted, since it 
cont a in ed 103 t e rrestr ial ol igoch a etes 14 ml which would 
have seriously biased the overal l results . E amination o f 
the frequency of occur r ence o f different items in the diet 
showe d th at chironomids were taken more frequent ly than 
oli goc ae tes. 
Food Species 
Oligochaete sp 
Chironomus zealandicus 1. 
C. zea andicus p. 
Polyped ilum pavidus 1. 
P. pav idus p. 
Tane tarsus a . 
Chironomid sp. a. 
Sigara arguta 
Hyrnenopteran, terrestrial 
Diplopoda sp 
yaraleotamphopus sp 
Porc e lio scaber 
Amphipoda, terrestrial 
Simocepha lus ve tul us 
Bosrnina rner idionalis 
Kerate lla vulga 
Cyclopoid nauplius 
Unidentified eggs 
Detritus 
1 = larvae 
Numbers of 
organisms 
Ac tu;i,1 io 
1870 61. 66 
161 5 . 31 
8 0.26 
888 29.28 
2 0.07 
1 0.03 
1 0.03 
5 0 .17 
l 0.03 
]_ 0.03 
l 0.03 
1 0.03 
86 2.84 
3 0.1 
1 0.03 
l 0.03 
1 0.03 
1 0.03 
p = pupae 
Volume of 
organisms 
Ac tual 
12. 55 10. 9 7 
1.96 1.71 
0.08 0.07 
4.73 4.13 
0.02 0/02 
0.01 0.01 
0.01 O.Ol 
0.25 0.22 
0. 04 
0.5 
0.02 0.02 
0 .1 0.09 
2.8 2. 5 
+ + 
+ + 
+ + 
+ + 
+ + 
91.31 79.83 
a= adult 
+ denotes volume too small to be measured 
Table 9 
10 l. 
Frequency 
occ:urrence 
Actua l % 
6 38 
8 50 
5 31 
4 25 
1 6 
1 6 
l 6 
3 19 
1 6 
1 6 
1 6 
1 6 
2 13 
1 6 
1 6 
1 6 
1 6 
1 6 
14 89 
Stomach Contents Of 16 Fish From Lake Waahi 
( average FL= 27.6 cm) 
10 2 
Of the other insect speci es f o un d, only the backswimmer 
Sigara arg uta was of any major import a nce, occurring in 
19% of the stomachs examined. 
Crustace a were o f minor import a nce in the stomachs examin ed . 
One young of the year catfish( 4 .0 cm long contai ned in 
its stomach; a cladoceran, a rotifer and a cyclopoid 
nauplius as well as 98 Pol¥pedilum ~~ larvae. The 
pl a nktonic crustacean Simocephalus vetulus oc curred in 19 % 
of the stomachs but wa s insignificant in volume. Terrestrial 
amphipods, pre sumably was hed in to the lake, occurred in two 
specimens and cmstituted 2.5 % of the total volume, ranking 
thi rd in importance volumetrically b eh ind£. zea landicus. 
Only one egg , of 1.5 mm diameter and which showed signs of 
de ve lopment , was fo und in a stomach. This egg was too s mall 
to be a trout egg and too large to be attributed to any other 
fish in the lake such as Carassius auratus. 
WAI KATO RIVER 
The analysis of stomach contents from Waikato River 
fish is shown in Table 10. Numerically, and by volume, the 
chironomid Chironomus zealandicus was by far the most abundant 
food organ is m and it occurr ed in 941 of the stomachs 
examined. 
Bivalves ( Sphaeriidae and oligoch a ete .worms were both 
reg u l ar ly f ound in the stomachs, with the former be in g 
slightly more i mportant i n volume . 
Food Species 
umbers of 
organisms 
Actu 1 "/. 
Oligocheete sp 840 11 . 8 
Chironomus zealandicus 1. 5872 82.52 
C. ze.alandicus p. 135 1.9 
Syncr icotopus( WII) sp 1. 1 0.0 1 
Aus trolestes col e nsonis 1. 1 0.01 
Paratya curvirostris 6 0.08 
Tenagomysis chiltoni 1 0.01 
Paraleptamphopus ~ 18 0.25 
Porcelio scaber 1 0.01 
Heroetocypris ~cheri 12 0.17 
Simocephalus vetulus 1 0.01 
Sphaeriidae 95 1.35 
Potamopyrgu~ antipodarum 111 1.56 
P~~ acuta 4 0.05 
Gyraulus corinna 1 0.0 1 
Planarian 1 0.01 
Nerna tode s p 10 0. 14 
Unide ntified eggs 6 0.08 
Detritus 
l= larvae p pupae 
Table 10 
Volume of 
organisms 
Actual 1. 
1. 99 2 . 18 
32.07 35. 17 
2.38 2. 61 
+ + 
3.0 3.29 
0.02 0.02 
0.19 0.21 
0.1 0 . 11 
0.03 0.03 
+ + 
2.62 2.87 
1.36 
o.os 0.05 
0 .01 0.01 
+ + 
+ + 
+ + 
47.34 51.9 
10 3 
Pe rcentage 
occurrence 
Ac tual. 1. 
10 62 
15 94 
12 75 
l 6 
1 6 
5 32 
l 6 
7 44 
l 6 
5 32 
1 6 
9 56 
6 38 
2 13 
1 6 
1 6 
5 31 
3 19 
15 94 
Stomach Contents 0£ 16 Fish From The Waika to River 
( a vera ge FL= 23.8 cm) 
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Th e freshwa ter shrimp P a ratya curvirostris was also an 
import a nt food species, occurring i n fewer s tomachs th an 
bivalve s or oligoch aete s but b e in~ mor e i mpor t ant in tot al 
volume. Another mollusc P,otamopyr g us antipod a rum also 
occurr ed i n significant amounts, being the fi f th most ~ 
abun dant species. 
Two crust acean species, the ostracod Herpetocypris p a scheri 
and the amphip od Paraleotamphopus __§_E. app e ared regularly in 
the stomachs b ut were too fe w in number and s mall in vo l u me 
to be conside red important food items . 
Unidentified eggs, of similar siz e t o those found in a Waahi 
fish, occurr e d i n ri ver f i sh a lso . 
LA KE WAIKA RE 
Th e results from s t oma c h analyses of Lake Waikare f ish 
are shown in Table 11 . Chironomus zealandicus was by f ar 
the most abun dant food spe cies. Two crustacean s~acies, 
Paralept amphopu s ~ - and t he mysid shrimp Ten a gomy s is c h iltoni 
were also important with T. chiltoni occurring in as many 
stomachs as~- zealandicus. Oligochaetes were of minor 
importanc e in these f ish with a vo l ume of only 0.43% o f th e 
total. One catfish was found to contain the r e mains o f 
anoth e r sma l l uniden tif iable fish wh i ch wa s the only o ne 
ever "found in the stomach of a c~ t fish. Animal tissue of 
unknown orig in wa s also found in the s ame stoma ch. 
Numb 0 rs of Volume o f organi sms 
Food Species or o- ani sms Ac tual % Actual io 
Oligochaete sp 57 3 . 0 0. 15 0.43 
f:hironomus zealandicus 1. 170 2 89 .5 8 14.25 40 . 81 
c. zealandicus p. 23 1. 21 0.6 1. 72 
Polypedilum pavidus 1. 8 0.42 0.02 0.57 
Sigara arguta 1 o.os a.as 0 . 14 
Tenagomysis ch i l t on i 26 1.37 1. 0 3 2. 95 
Poraleptamohopus SD 
__._ 
82 4 . 32 1. 26 3 . 44 
Fish remai s 1 o.os 0.2 0.57 
A 1imal tissue 0 . 2 . 7 
Detritus 17.22 49.3 
1 = larvae 
p pupae 
Table 11 
Stomach Contents Of 10 Fish From Lake Waikare 
( average FL= 29.2 cm) 
10 5 
Perc entage 
occurrenc e 
Ac tua l io 
3 30 
7 70 
6 60 
2 20 
1 10 
7 70 
4 40 
1 10 
1 10 
8 80 
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5.3 DISCUSSION 
Although the number of catfish stomachs analysed was 
low, the results did show some §ignificant trends. The da ta 
were separated into the three localities because of the· 
marked differences which appeared in the diets. Thus 
although only ten fish were collected f~om Lake Waikare, the 
absence of molluscs and the abundance of large crustacea 
made them distinctive. 
The three main food species o f the Lake Waahi fish, 
Polypedilum pavidus, Chironomus zealandicus and oligochae te 
worms, are burrowing organisms found in the top five centi-
metres oft-he detrital bed of the l a ke M.A Chapman, pers. 
comm ) . Pr e liminary studies on the benthos of Lake Waahi 
suggest that P. pavidus is more abundant th an C. zealandicus 
and that both species are concentrated around the fringes o f 
the lake. Two core samples from the lake contained 1 
ol igochaete per 10 cc and 4.4 cc of detritus respectively, 
and 1 chironomid per 7.4 and 2.8 cc of detritus. These 
figures may not be representative of the lake as a whole, of 
course, but if taken at fac e value, and compared with the 
ratio of chironomid and 2 oligochaetes per 0.087 cc of 
detrLtus in catfish stomachs, it would appear that the fi sh 
are selectively removing organisms from the detritus. One 
yo un g o f the : -ye a r cat f i sh h a a 9 8 P . P av i du s arvae in its 
stomach, with very little detritus 0.02 cc detritus against 
0.18 cc of chironomids ) , which suggests that small catfish 
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can catch large numbers of chironomids without ingesting 
large quantities of detritus. It may be more economical of 
energy for large catfish not to be too selective in expelling 
detritus. Nikolskii 1963 ) cited the case of young pike 
feeding on planktonic crustaceans, where very soon the amount 
of energy expended on the capture of crustaceans begins to 
exceed their calorific value and th e pike begins to feed on 
fish. If the pike is retained on planktonic crustaceans, 
it gradually ceases to grow . By inference this provides a 
reason why the Waikato fish did not feed on planktonic 
crustacea to any degree, nor fish. The growth ra te of the 
catfish is so rapid that plankton and fish do not provide 
a nutritious eno ugh food supply. The net gain of energy 
from feeding i.e the energy value of the food minus the 
energy expended in capture or digestion is not high enough 
when compared to the energy gained from feeding on benthic 
organisms . Turner 1966 ) found the white catfish J. catus, 
did not significantly feed · on fish in the San Joaquin Delta, 
California, USA, but cited Stevens 1959 who f ound in 
South Carolina , 64.4% of the larger catfish p reyed on othe r 
fish. The growth rate of the former fish was much faster 
after two ye ars of life than the latter, which Turner 
suggested was due to the amount of fish in the diet . 
Although the feeding of!· nebulosus has been l ikened to the 
action of a vacuum cleaner { Keast and Web b, 1966 ) , it would 
thus seem to be a rather selective and effi ci ent vacuum 
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cleaner. No attempt was made to see if any size sele ction 
for chironomids had occurred because the catfish is not a 
visual feeder. 
Although the percentage volume of terrestrial amph ipods in the 
di et was comparatively high, they were not considered to be 
an important food feature of the catfish diet because they 
occur~ed in only two stomachs. Their significance lies in 
their indication of the opportunistic predation of the c a tfish 
as does the pre senc e o f the terrestrial slater Porceli o 
scaber, the diplopod and the terrestrial hyrn e nopt er a .. 
In the stoma ch s of the ri v er fi sh, C. zealandicus was 
by far the most abundant food species. No data are available 
on th e a bundance of t his chiro nom id in the r egion of the 
river north of Taupiri where the fish were caught, but Boubee 
1977 ) fo un d tha t in the s tre tch of river around Hamilto n , 
£. zealandicus is the second most abundan~ chironomid after 
the weed-dwelling orthoclad chironomid syncricotopus ( W II 
§.P. No ?olypedilum pavi dus l arvae were found in the river 
fish stomachs which probably reflects their sc arc ity compared 
with in Lake Waahi. 
The importance of oligochaetes to fish in the river is 
appare n tly much less than it is to fi sh in Waah i . Although 
the percentage occurrence of oligoshaetes was high the volume 
wa s low , suggestin g that their ove rall abundan ce is lower 
than in Waahi, and thus it would appear that the low water 
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flow zone of the river is less suitable for oligochaetes 
than the littoral zone of Lake Waahi. 
Molluscs appear to play an important role in the nutrition of 
river fish but were lacking in Waahi fish stomachs. Two 
species of pea mussel ( Sphaeriidae are commonly found 
in the river, Pisidium aucklandica and Sphaerium novae-
zelandiae ( Boubee, 1977) but they are externally very 
similar in appearance and diffic~lt to distinguish. Thus 
these molluscs were grouped as Sphaeriidae ,here they 
occurred. In some stomachs these bivalves were found in 
different stages of digestion , from soft tran sparent decalci -
fied shells to hard undigested shells and it is possible 
that they are held in the stomach over several feedings. 
Consequently the results may overestimate their importance. 
The gastropod Potamopyrgus antipodarum occurred in large 
numbers in the river fish. Although usually found grazing 
on macrophytes, this snai l is also often found feeding in 
large numbers in detritus beds. A brief study on the benthos 
of the Waikato River, including the region of the river at 
Taupiri, showed that P. antipodarum was co-dominant with 
oligochaete worms, chironomid ~arvae, nematode worms and 
Mussels ( Pisidium , Sphaeri m, Hyride lla,, ) ( Coffey et al, 
1975 ) , The browsing gastropod ?hysa acuta and Gyraulus 
corinn a also appeared in the diet, but in low numbers, which 
seems to reflect their abundance and distribution in the 
river ( Coffe y et al, lee.cit ) . 
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Of the several crustacean species wh ich appeared in the diet 
regularly , the true shrimp Paratya curvirostris was partic -
ul a rly abundant , This sp e ci es is very common in the ri ver 
and , al tho ugh retiring to th e weed beds during the day , 
actively feeds on the detritus dur ing the night ( D. Nash, 
pers.comm). The size of the organism and the regularity 
with which it was tak en suggests that it may be a valuable 
food s ource for the catfish. 
The amphipod Paraleptamphop~ ..§_£ , although occurring in a 
number of sto machs , was o f mi n or importan ce, with low 
numbers and low total volume. The same is true for th e 
os traco d Herpetocypris pascheri, a spe c ies normally found 
in bottom deposits in the littoral zone of lakes, or in 
swamps, rather than in rivers, because o f its redu c ed 
s wi mm ing setae Chapman and Lewis, 1 976 ) . Its presence 
in the diet indicates the fish has ~een feeding in areas of 
sl ow- moving or stagnant water . 
The diet of the fish from Lake Wa ikare was mu ch les s 
dive r se than in the other two areas. This result may be due 
to the fact that all the Waikare fish were caught on on e 
day, but may also be indic at ive of o vera ll low species 
di v ersity in the lake, As y et no faunal surve of the lak e 
has been undertaken . 
By far the most abundant speci e s in the s e fish was the 
ch ironom i d £_. z ea l andicus . Th e l arge v olume of the species 
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comp are d with the volume of detritus suggests that the 
chironomids are more abundant in Waikare than in the other 
two areas studied . Few f . pavidus larvae were found compared 
with C. zelandicus , the opposite pattern to that found in 
Waahi , which may indicate that each species favours different 
co nd i t ions. 
The amphipod Paraleptamph opus §.E and the my sid shrimp 
Tenagomysis chiltoni were present in gre ater abundance 
than in fish from either the river o~ Lake Waah i and this 
again reflects their comparative abundance. 
In Lake Wai ka re the onl y evidence of preeation on smaller 
fish was found . The backbone and some flesh of a sma ll fis h , 
along with chironomids, several amphip ods and shrimps , and 
some non-piscine animal tissue, occurred in one stomach. It 
is not known if the catfish took this small fish alive or 
picked up the partially decomposed remains whilst browsing 
t hrough the bottom deposits . 
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5.4 THE DIET OF WAIKATO CATFISH IN COMPARISON TO 
NORTHERN HEMISPHERE CATFISH 
The poole d results of stomach analyses are shown in 
Table 1 2. Detritus comprised a large proportion of the 
material found but it was not considered to be of major 
importance. The species composition of the diet varied 
according to the locality, but generally Chironomid larvae 
were by far the most abundant organis ms. The o nly other 
insect species of importance, mainly in small catfish , was 
the water boatman Sigara arguta. Aquatic oligochaetes were 
the se cond most important food source, followed by bot tom 
dwelling crustaceans such as Paratya curvirostris. 'l'here 
were mainly two types of molluscs fed upon; Sphaeriidae a nd 
yotamopyrgus antipodarum. A number of terrestrial organisms 
occurred in the diet, showing the fish is apt to consum e 
any organism of suitable size upon which it comes. This 
allochthonous input may be very important to the species. 
The 
diet of the catfish as reported by overseas authors differs 
in a number of respects from that of the Waikato fish. Scott 
and Crossman 1973 stated" the adults are truely omniv-
orous in t h at their foo d is co mp osed of ; offal, waste, mollusc s 
immature insects, te rrestrial insects, leeches, crustaceans 
cr ayfish and plankton ) , algae, plant material, fishes 
and fish eggs ". 
Keast and Webb 1966 ) gave the following results from a 
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study of the feeding of th e catfish in Lake Opinicon in 
Can ada ; 
30-60 mm TL Chi r onomid larva e ( 50% ) , Cladocera ( 60 % ) , 
Ostracoda, Amphip o da , Hemiptera, and small Ephemeroptera 
70-1 20 mm TL Same as for smaller f is h but Cladocera r ep l aced 
by increased amounts of Hemipter a , Ostracoda, a nd 
newly hatched fish fry. 
120-240 mm TL Chironomid larvae ( 80% ) , Mollusca ( 40 9s ) , 
Ostracoda ( 30% ) , s ma ll crayfi sh 20%) a nd Amphipoda 
1 6 % ) • 
Raney and Webster 1939 ) found the diet of young catfish 
in Cayuga Lake, New York, USA, consisted of mainly dipteran 
larvae chironomids ) ( 24 . 3% ) , Cladocerans 25 96 ), 
Osb:acoda ( 20. 5 % ) , Copep o da ( 4. 3% ) , Isopoda ( 6 . 7 9,,, ) , and 
Amphipoda ( 2,4% ) , The rest of th e diet consisted of small 
amounts of Ephemeroptera, Odonata, Trichoptera, Hemiptera, 
Coleoptera, fish eggs and remains. 
.Cable 1928) investigated the food o f bullhead s in the USA 
and found the major organisms to be Chironomus 3 6% ) , 
Cladocera 12.5% ) , Amphipoda 4 . 6% ) , Damsel fly nymphs 
4 . 8 90 ) , Cycloos vir id is ( Copepoda ) 6.3 % ), as well as 
so me bivalves, snails and beetle 1 rvae. 
Fran k 1955 ) st udyin g the food of the bullhead in Czecho-
slovakia found that j u veniles TL 33-53 mm) too · predomin-
antl y crustacea, especially the littoral/benthic cladoceran 
~do r us, and copepods . With increa s ing size the main food 
Food Species 
Oligochaet.e sp 
Austrolestes colensonis 
Diplopoda sp 
Hymenopteran, terrestria l 
Porcelio scabP.r 
Sigara argut~ 
Chironomus zealandicus 1. 
C. zealandicus p. 
Polypedilum pavidus 1. 
P. pavidus p. 
Tanetarsus spa . 
C ironomid spa . 
_Syncrico top us ( TJ II) sp 1. 
Paratya curvirostris 
Jenagomvsis ~hiltoni 
Paraleptamphopus sp 
Amphipoda, terres trial 
Sinoc ephalu s vetulus 
Herpetocypris pasche r i 
Keratella vulga 
Bomina meridionalis 
Cyclopoid nauplius 
Sphaeriidae 
Potamopyrgus ~tipodarum 
Phy~ ac uta 
Gyraulus corinna 
Eggs 
Fish remains 
Nematode sp 
Detritus 
Frequency umbers 
occurrence total % 
43 
2 
2 
2 
4 
10 
72 
56 
15 
2 
2 
2 
2 
10 
25 
30 
4 
8 
10 
2 
2 
2 
19 
12 
4 
2 
15 
2 
14 
87 
2767 
1 
1 
1 
2 
6 
7735 
116 
896 
2 
1 
1 
1 
6 
27 
101 
86 
4 
12 
1 
1 
1 
95 
111 
4 
1 
7 
1 
10 
22. 96 
0.01 
0.01 
0.01 
0.02 
0.05 
64 .2 
1.38 
7.43 
0 .02 
0.01 
0. 01 
0.01 
0.05 
0.22 
0.84 
o. 71 
0.03 
0.09 
o.o 1 
0.01 
0.01 
0.8 
0 .. 92 
0 .. 03 
0.01 
0.06 
0.01 
0.08 
1 = larvae p = pupae a= adult 
Table 12 
The Diet Of Waikato Catfish 
11,~ 
Volume (cc) 
total lo 
4.69 
0.04 
0.5 
0.04 
0.2 
0.3 
48.58 
3.06 
4.75 
0.02 
0.01 
0.01 
+ 
3.0 
1.05 
1.41 
2.8 
+ 
0.03 
+ 
+ 
+ 
2.62 
1.36 
0.0 6 
o.o 1 
+ 
0.2 
+ 
155.8 
6 . 11 
0.02 
0.21 
0.02 
0.08 
0.12 
70.19 
1. 27 
1. 97 
0.01 
+ 
+ 
+ 
1.25 
0.44 
0.59 
1.16 
+ 
0.01 
+ 
+ 
+ 
1.09 
0.57 
0.03 
+ 
+ 
0.01 
+ 
64.8 
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so urc e b e c ame chi ronomi d s p ec i es ( Ch iro n ornus c.nd 
En doc hirono mu s ) , a nd mol l uscs Gy r au lus a lbus a nd P i si d i um ). 
Th e largest! f i s h ( 135- 3 20 mm co n sumed s mall fish 33-62 
mm SL ) of th e s p e cies Gobio g obio, Rutilus r u tilus, 
Scandinus erythropthol mus, Blic c a biork a, and Rh od e ussericceus. 
Moore 1972 ) found that fish comprised 88% of the diet of 
large catfish ( 21. 5-26. 5 cm ) in the se mi ·-dys t ro p h ic 
Lockhart Pond, Ontario, Can a d a , a n d s u g g e s te d t hi s pi s civo ro us 
habit was due to high popul a tion de ns ities. 
The p a ttern of catfish in th e northern h e mi s ph e re is t o 
feed on Chi r onomid larvae a nd lit t o ra l/be n t hi c crus ta cea, and 
as the fish becomes larger , mo ll u s cs, larger cr u stacea , and 
fish become more important, especially when f r y are ava i lable. 
Th e fee ding h a bits o f small c a tfish i n th e Wa i kat o are n o t 
kn o wn c l early, al t hough one y o ung o f the year was f oun d to 
have consume6 a large quantity of chironomid larvae. The 
feeding habits of the larger catfish are similar to the 
northern hemisphere fish in that they rely heavily on 
chironomids, molluscs and larger crustacea. But the Waikato 
catfish do not appear to prey on fish to any extent, which .may 
be because the eutrophic and dystrophic waters in which 
the ca t fish lives here may have s u ch a b undant b e n th o s th at 
there is no necessity to pursue such highly mobile prey as 
fish . Ob s erv at ion s on catfish i n aqua ria ha ve s h o vn that 
they will take s mall f ish such a s th e mosquito f i sh Gamb usi a 
affinis under hi g h d ensi ty co nd ition s a nd c a n e x i s t quite 
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successfully on this diet . But no cat fi sh was found to 
consume G. affinis i n Lake Waahi where t he latter species is 
present in large numbers . 
Scott and Crossman 1973 were th e only au thor s to mention 
catfish predation o n oligocha e tes worms and it would 
appear the y are much more important in the diet of fish from 
the Waikato than in the northern hemisphere fish. 
Catfish are said to regu larly c ons ume fish eggs in t he 
nor thern hemisphere Atkinson , 1931 ) • Although some eggs 
were found in Waika to fish stomachs, th e se coul d not be 
attributed to any o ther fish species. 
Waikato catfish were found to inges t large volumes of detritus, 
a feature not apparent in the overseas studies. Other autho r s 
do not state whether the presen c e of detritus was ignored o r 
not so n o comparisons can be made. 
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Chapter 6 CO NCLUDI JG DISCUSSION 
In this study it was established that there have been 
a number of marked changes in the biology o f the catfish 
Ictalurus nebulosus since its introduction into Lake St John 
in 1878. 
One major change has been in th e growth rate of the fish. 
Although the lo ngev ity of the species was the same, the length 
at max i mum age was far greater than that reco rded in the 
fish's native habitat in most cases. The g rowth in length 
over the first four years o f life 8.0, 10.6, 8.7, 6 . 4 cm), 
determined from backcalculation, was greater than that recorded 
in the USA, and much greater than th a t recor ded for the fish 
in Czechoslovakia the onl y country into which the species 
has been introduced from where growth data is available ) . 
There are no published G values instantaneous growth) for 
the species and so no comparisons coul<l be made in this 
respect. No differences in the symmetry of growth for the 
species( isometric, w 3 al ) between New Zealand and overseas 
were apparent . 
The development of ova in females was asynchronous Marza, 
1938 ) and there was strong evidence for multiple spawning. 
A short distinct spawning season is usual for the species 
in its native habitat ( Scott and Crossman, 1973 ) , although 
mul tiple spawning has been suggested as poss ible { Breder, 
1935 ). It was difficult to o btain accura te e s ti mates of 
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fe cun d ity because of the multiple sp awning. However a reliable 
es timate of a minimum of 3 , 700 eggs lai d per season wa s 
indicated, a figure which was grea ter than that reco rde d for 
th e species overseas ( Berg, 1949 ) . 
The major food of the catfish was Chironomidae and Oligochaetes 
although the fish appeared to follow the pattern overseas 
of being omnivorous. Considerable amounts of detritus were 
found in the stomachs , a phenomenon which has not been 
r epo rted overseas. It was concluded t hat the detritus was 
of minor importance to the fish. There was no evidence of 
predation on eggs o f other species n or o f piscivorous feedin g 
habits. 
It is apparent, fr o m reports by eel fishermen, that 
th e distribution of the catfi sh is expanding in the Waikato. 
Re ason s for this appa rent rapid increase ca n be seen in the 
combinatio n of several factors indicated in th is study. The 
recruitmen t capabilities of the population appeared to be very 
high. With the rapid growth rate, maturation of the fish 
occurred at an early age and thus the replacement time of the 
spawning stock wa s short. The actual spawning life of an 
adult appeared to be in the order of 4-5 years. The size 
and turnover time of the r eproduc t i ve group of the population, 
coupl ed with th~ mult ipl e spawning capabilities and high 
potential fecund i t y indicate th a t the fish is capable of 
ra p idly increasing in numbers if there are n o natural checks 
o n the intrinsic ra~e of natural increase ( r ) of th e 
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popu l ation. On e such check may ha v e been, in e a rl ie r y e a r s, 
competition with eels ( Anguilla s pp . ) . As y e t there is no 
di rect ev i dence o f competition between the catfish and eels, 
but, as pointed out Johannes and La rki n 1 961 ) , there does 
not need to be any direct evi den ce of niche comp et ition for 
two species to significantly affect each other. Over the past 
few years catches of eels h ave decreased in the Waikato, 
probably as a result of overfishin g A . Teck e nb erg , p e rs. 
co mm ) . The expansion in n umbers of catfi sh may be directly 
correlated with this reduction in numbers of eels because the 
tw o phen ome na appear to have occu r red aL approximately the 
same time. 
One mechanism th a t may be co ntrolling the localised numbers 
of c atfish , but not their spread, is that of d e nsity dependent 
spacing through te r ritoriality. It has been esta~ lished that 
I. nebulosus is at times a highly aggres sive territorial fish 
( Todd, 1971 In a habitat such as Lake Waahi, there is 
probab ly onl y a limited number of suitable territories. Fish 
that do not poss e ss these cannot form pair bonds, and th us ..... l \... 
is logical to assume that the eggs produce d by single females 
will never be fer tili sed, or 
properly aerate d Append i x 3 
. .;: l •. they are, they will not be 
an d t h us will n ot be vi a ble. 
Se condary oocytes may not even develop in such individuals 
a nd t h i s may expla i n why fish wi th a low matu ri ty index ( GI 
le ss t ha n 1.0 %) occurred all year round in the lake. Such 
d ensi ty d e p e n dent population regulatory mech a n is ms h ave b e e n 
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describe d for ma ny sp ecies 'Wynne - E d w a rd s , 1 9 6 2 ) , an d i t 
is q uit e possible th a t such a me chanism exists in the catfish, 
a s p eci es with well developed social behaviours and soci a l 
ph e ro mo ne s ( s e e Ap pe ndix 4 ) • Tod d 1971 goes so far as 
to suggest that II the bullhead may represent a pinnacle in the 
evolution of the chemical senses in fishes II With such a 
phenome non of density dependent regulation there is usually 
a pool of freely mo vi ng, oft en g regarious, individuals, or 
floaters ( Manuw a l, 1974 ) . · I observed the gregarious 
behaviou r o f non-t e rritorial individuals in aquaria. It is 
thes e f lo a te rs i n t he population t ha t may h ave r esu l t ed in 
th e r uns 'of ca t fish no t e d in the Waika to by s o me eel 
fis herme n , a n d they may al s o b e res ponsibl e f or t he rapid 
expansio n of th e fis h i n r e cent ye ars . Popu la tion number s 
may ha v e built up to su ch l evels t h at Lak e Waahi is satura ted, 
as far as territories are concerned, and migrations are 
occurring. Some support for this may be drawn from the fact 
that the majority of fish caught in the river were 1+ fish 
and those caught in L~ke Waahi were 3+ . The younger fish 
may move out of the lake into new areas. Emig 1966 ) cited 
a study in which bullheads in Folsom Lake, USA, moved an 
a v erage o f 1.7 miles before t h ey were r e c aptured, and the 
longest distance travelled was 16.2 miles. A tagging 
programme in t e Waikato ( see Appendix 5 would be invaluable 
in exploring these p o ssibilities further. An inv e stigation 
into the size of territor ies a nd t e e ffect s of r emoval of a 
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pair fr om their terr ito ry as done on th e striped p arrotfi s h 
Scarus c roicen is by Bu ckma n and Ogde n, 1973 ) , would provide 
evidence a s to th e pre sen c e of floaters in the populati o n . 
A thermal power stati on, of 1000mW gen e rating capacity, 
is at present being built beside the Waika to River at Huntly, 
and it is planned to use water from the river as a coolant . 
Little is known at p r esent of the effects the thermal effluent 
wil have on fish populat ions i n the river. I suspect that 
some major ch a nges will occur for at least one spe ci es , 
Ictalurus nebulosus. 
It has been shown ( Alabaster, 1962 that most co arse fish 
0 
a re attra c ted by heat e d discharg e water of 26 c. Coutan t 
1970 reported the attraction and c oncentration_of bullheads 
at generating station s in the USA. Marcy 1969 ) described 
the accumula t ion of fish around the hea ted d i scharge f r om 
the Connecticut Yankee Atomic Power Company station on tne 
Connecticut River, USA ( discharge approximately 85 3 cfs 
0 
c o oling water, 12.5 C above ambient , at full capacity ) . 
Massengi l l 1973 ) studied the feeding habits and condition 
f a ctors ( K) o f b ull heads o verw in tering in the disch a rge 
c anal from th a t p ower station and found that these fish were 
in a much poorer condi t ion than those from a control area 
some 8 km do wn str e am. He found that the f ish Notropis 
hudsoni s was the major food i tem o f the adult catfish, 
compared with chironomid larvae for the control fish. Of 
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major signific a nc e was the fi n ding that th e immature bullheads 
in the effluent fed main ly on ee l elvers ( Anguilla rostrata 
and in one mo nth these constituted 98 % of the t otal weight 
of food consumed . 
Mo ore 1972 found that th e bullhead was piscivorous under 
high density conditions. It is suspe c ted th at the introduction 
of a the rma l effluent into the river at Huntly would cause 
large congregations of bullheads, as wel l as other fish. 
Such aggregat ion s could have a serious ef fect on upstream 
migration of eel elvers Anguilla dieffenbachii and 
..!:._. austral i s ) , as well as other n ative fis h species. 
Little work on the f e eding biology of nativ e sp ec i e s in 
th e Waik a to h as b e en done as y et . However a st udy is a t 
present under way on the feeding habits of th e nat ive species 
Ret r opinna retropinna and Gobiomorphus cotid i anus, and 
preliminary re s ul ts s h o w both species feed on the chironomid 
Polypedi lurn pavidus in Lake Waahi ( T. Stephen s, pers.comm), 
indicatin g there is some food competition between the catfish 
and nat ive species. 
The introduction of a species in to an environment where 
there are supposedly unexploi t ed niches is a practice which 
has been widespread in th e past, especially in coun tries such 
as New Zealand . It is doubtful . whether there i s any s ound 
ec o logical basis for su ch a pr a cti ce . Bump 19 5 1 po inte d 
out th a t a spe c i e s "cann ot s uccee d in a ne w h ab i tat wi th o u t 
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cau sing some changes in plant a n d an i mal associations already 
esta b lished II Magnuson 1976 conclude d that the net 
effect of i n t roductio ns of new fish spec ies into a l ake h as 
be en II to increase the intensity of species interacti o ns and 
produce loc a l extinctions II 
Ictalurus nebulosus was a popular species for in tr6duc tions 
to European countries during the late 19th and early 20th 
centuri e s Schindler, 1957 ) . These introductions we r e 
condemned by many a uthors, but t here is no critical analysis 
o f the effects o f the fish on native fau n as in the li terature 
Vooren, 1972 ) . This study h a s descriBed the ·major change s 
in the biology of th e catfish which have occurred si n ce its 
introduction some 100 yrs age and it is hoped ~his will 
provide a basis for further work 6n the effects of thi s species 
on the na tive fauna, and provoke fur~her research into the 
biolog y of int roduced speci es and th e ecol o gi cal consequences 
of their introductions . 
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APPEN DIX 1 
DESCRIPTION OF THE SPECIES 
The spe ci es of catfish was identified by the following 
c riteria which differentiate Ictalurus nebulos us from other 
simi lar members of the genus wit h whic h it may be conf used , 
I. mela s and I_. natalis. 
1) The pronounced serrations on the posterior edge of the 
pectoral spines in I, nebulosus ( much sma ll er s e rr at ions 
in I· nata lis, and barbs weak or absent in I . melas 
( Scott and Crossman, 1973 ) . 
2) Fin ray numbers D VII, P 
1 
Scott and Cross man ( lac.cit 
for Ictalurids as foll ows: 
IX, A XX, P VI II 
2 
gave the fin ray numb e rs 
I. nebulosus D VII, P 
1 
VIII-XX ) , A ( XVIII -XXI ), P VIII 
2 
I. me las D ( VI-VII ) , p 
1 
IX, A XV-IXX ) , P VIII 
2 
I. natalis D VII, p 
1 
( VII-VIII ) , A ( XXII-XXV) , P VIII 
2 
3 ) Dark brown upper and lower barbels in I. nebulosus compared 
with grey to yellow upp e r, a nd yellow to white lower, 
barbels in 1 · natalis. 
SYSTEMATICS 
Super Order OSTA RIOPHY SE I 
Order CYP RINIFORM E S 
Sub-order SILUROIDEI 
Family ICTALURIDAE 
Genus Ictalurus 
Species tiebul os us 
ETY !OLOGY 
Ictalurus - fish cat nebulo sus - clo uded 
COMMON NAMES 
Brown bullhea d , horned pout , bull pout 
NOMENCLATU RE 
Pi mel odu s nebulosus - Le Sue 1=tr, 1819 Typ e locality, Delaware 
River a t Philade lphia ) 
Silun us felis, S ilurus Pi melodus coenos u s, Silurus 
( Pimelodus ) ~igres cens, Pimelodus vulgaris, Pimelodus felis 
Pimelodus cattus, Pimel o dus atrarius, Amiurus nebulosus, 
Amiurus vulgaris, Amiurus cattus, Ameiurus lacustris, 
Ameiurus vulgaris, ~meiurus nebulosus , Ictalurus ne bu losus 
ne bu lo sus ( Taylor, 1954 ) 
DISTRIBUTION 
Na tive to fresh waters and rarely brac k i sh waters of 
eastern and central Nor th Amer ica. Introdu ced to Cali f ornia 
(USA), German y , Ca nada, France, Swi tz erland, USSR , 
Czecho slovakia, New Zealand. 
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APPENDIX 2 
Programmes for calculation of 
A~ Predictive and geometric mean regressions 
B) Len gths at previous ages ( Nomograph calculation 
A 1 2 7 
1 0 
j0 
35 
REM PEOG?i..1\l-1 FOR PREDI CTIVE:: A;JD 
LET X1=0\LET X2=0\ L ET - Yl= C\LET 
PRHJT - "I NPUT FILE "\IN PUT Z:s:. 
FUr-JCTIO f·iAL P.SGRSSSIO:·JS 
Y2=0\LET iJ= 0 \LET Cl=0 
~0 OPEN ZS AS FILE #l 
50 EEM R~AD A CASE 
7 0 I i..J PUT ,fl : .AS 
80 LET X=VAL CS EG:t (A S,4,5 )) 
9 0 LET X=X / 1 0 
9 5 LET X=LO GU~) 
10 0 LET Y=VAL CSEGS CAS,4,5) ) 
i 10 LET Y=Y/l ~ 
I 15 LET Y=LOG(Y) 
1 20 GO SUB l 0e0 
130 IF HJD-#lGO TO 200 
1 35 Gd TO 70 
200 REM CALCUL AT IO N OF YON X 
210 REM f. E - LEtJ GTH ON VE RTE BR.L'l.L RADIUS 
2 ~ 0 LET li 1 = X l / N 
23 0 LET i·12=Yilt,J 
2 LiC LET B= (Cl .::. IJ*Vi l :i':I12 ) / ( X2 - l'Ht·1 l *Vi 1) 
250 LET A=M2 ~B*M l -
260 LET D=CC1-N*~l*M2)/CY2-N*M2*M2 ) 
2 7 0 L E T C== t:l I~ D'i-'i'-'.i 2 . 
280 LET S3=C(Y2-N>i<M2*E'-"12 )-E* CCl-!\J,;,i'12*M l) )/C!J-2) 
2 9 0 LET V= SQR( ( Y2-l\l*M 2*t12) IC X 2 - lHl'·: l *1'11 )) -
300 LET U=M2-V:::Ml 
3 10 EEM VARIAr-J CES OF SLOPE 
3~0 LET Vl=$3/( X2 -N*Ml~Ml) 
330 LET V2=S3lCY2-N*~2*M2) 
40 0 REM OUTPUT 
4 10 PRir.J T " ~'(=LO GC VERTEBEAL RAD! US)" 
L: ~0 PFdi~T ''X= LOG(i.:E,'JGTH )" 
Ll 30 PR.i:N T 
L1Li0 PRii'JT "PRED ICTI VE 
L!50 PE.INT ''Y="; t,,; -
452 IF-S< 0GO TO 454 
1.;53 PRHJ T " -r"; 
Y Or.J X" 
L154 PR l i'.J T 
460 PRINT 
476 PRINT 
" STD-DSV B= "; SQR CVl) 
480 PRINT "PREDICTI VE X ON Y" 
L,90 PRINT ''X= "; C; -
492 IF - D< 0-THEN- GO TO 494 
L193 PRINT "+''; 
494 PRINT l) ; "Y" 
5 00 PFdt\J T "STD;rn::v D= ";S QR (\/2) 
510 PRINT 
520 PR!i,JT "GVi FUN CTIONAL REGRESSION Y OH X" 
533 PEi l\J T 1J ; ,, .. 't' :, 
534 PRINT. v; '':-< " 
540 PRirJT " STD-DEV V=";SQR(Vl) 
550 STOP 
1 0e0 REM ACCUMU L AT IO N SUBROUTINE 
l 0 1 0 LET X l ==X l+X 
1 0~0 LET X2=X2+X*X 
! 030 LET Yl =Yl+Y 
i040 LET Y2= Y2+Y*Y 
1 050 LST Cl=Cl+X*Y 
I 0 t 0 L ET rJ ;, f·.J + 1 
! C 70 EETUEl'.J 
B 
l 1J OPS\! "Gf.11=\·r ~; 1 .. DP~T" 1-\S Fl!....E t- 1 
~:; ~}")Li (!T 
2 1 l ,,J F iJ T fi 1 : ZS 
22 II· \;[-)L,( S ;:::c_iS(Zs ~ o _,7)) = ·.~ T}{Et\J 2 1 
,...) ,-, 
0 c:. 
} r E>,i D ;;. J. Tz: ~>J 5 c •J 
U ::T Y:::\:P,L(:::i.:.:cs cz.s., 1.,3))\LET '{ ::_ 'f/10 
LC.:T Y===LOC:;(Y) 
35 L~T Vl=VALCS~GS CZ S, 4,5))\LET Vl =V l/ 10 
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37 I .. ET V2=\i{',L(S::Gs(Z:,:..,6.,7))\LE:T VJ=V!u:.csscsczs ., S ., 9)) 
3J LET V!t==V,~L,C)L G·::. u . s ., L;., 11 ) )\L'.::'T' VS=\,'{1.L(SSG S (Z S., 1 2 ., 13 .) 
39 LET V2=V2 / l0\LET V3~V3/1 0 \LET V~= V4/ 1G\L~T V5=V5/10 
4 t~ ? I°( I rJ T t/~ P ( Y ) :p C .., 
50 IF V3=0 T~ £0 20 
55 LET L=K~ V3\LET L=LOG CL) 
6 f.:; c;QSU.8 1 G8 
65 f-' .. =.l,lT C., 
75 LET L=K*V4\LET L ~LOGCL ) 
b G CJ SUE 10C 
9S PHI!JT C., 
9 2 I }· . \JS= 0 T i-{ EN 2 0 
96 LET L=i(:l<v$ \ LET L=LOGCL) 
9 7 G !) SU S l t'.:HJ 
0 ;3 PF:L~ T C; 
9 9 CO TO 20 
i 0 2 L ::.'. T C::: SX ? C C ) 
l 11;5 RC 'TUf:J,J 
.SS 12· STOP 
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AP PENDIX 3 
Reproductive Biology 
The breeding and brood habits o f Ictalurus nebulosus 
have been ext e nsively studied in the USA ( Eycleshymer, 1901, 
Breder, 1935, 19 3 9 ) The fish is a nest building spe c ies, 
and typicall y the pair construct a shallow n est in mud, sand, 
or among t he roots of aquatic macrophytes . According to 
· st ranahan 1910 ) and Breder 1935 s pawni n g takes place 
during the daytime within the nest cavity. The fish settle 
over the nest, bodies in c o ntact but facing i n opposite 
di r e c tion s , and s p a wn ing occ ur s. Brede r 1935 } s tated that 
bu l l h e ad s go thro ugh the spawning mot ions a number o f times 
until the fe ma le i s e mpty of h e r e gg s. Fo wle r 1 9 ·17) st a t e d 
that I. nebulos us may lay as many as 500 eggs p er motion . 
The eggs are con s tan tly at ten d e d, es pe ciall y by t he mal e , 
Deing lain upon by either, or both o f the parents , violently 
agitated by bein g beaten with the ven t ral f i ns , o i taken into 
the mouth and ejected violently. The eggs are adhesive, 
about 3 mm in diameter with a soft gelatinous cove ring, and 
0 
they hatch in 6-9 days ( at 20 C , when th e embry o is ( mm 
long ( Armstrong and Child, 1962 ) . The youn g cannot swim at 
thi s p o in t because of t he size of the yo l k sac, b ut af ter 
se veral days ( 6-16, Mansueti a nd Hardy , 1967 they begin 
to swim a nd feed actively. The young f ish a r e sh ephe rded 
around by the parents in a den s e s c hool ( Stranah an, lac.cit ) 
app a rently kept togeth er by vis u a s timuli ( Bre der, 19 3 5 ) 
130 
until about 5 .0 c m i n length when the schoo l breaks down 
and th e i nd ivi d ual s disp e r s e . 
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APPENDIX 4 
The Physiology Of Ictalurus nebulosus 
I. n ebulosus has four pair s of barbels, t wo n a sal wh ich 
poi nt upwards, f ou r mandibular pointing downwards and usuall y 
b eing dragged o ver the bottom o ver wh ich the fish is moving, 
and two maxillary barbels pointing ventrolat e r a lly from the 
corners of the mouth. Within each barbel is a thin f l e xible 
rod of cartilage, run ~ ing th roughout it s length, which is 
at t ached at it s base via a joint to the head thus 
permitting movement o f th e b arbel as a f eeler Cat f ish 
d o not use their visual sys t em whe n catching food but locali se 
it by direct contact. The barbels have exqui sit tacti le 
sensitivity and, projecting radially out from the head, enable 
th e f ish to scan a much larger volume of water for food than 
it c ou ld without them . Accurate seizing o f food requires 
that precise sen s ory information redches the central nervou s 
system as t o its locat ion. Glide units with small receptive 
fields can signal the radial distance from the head along a 
given barbel. Simultaneously inp ut from posit i on units 
indicates th e degree of displa c ement of the b arb el from 
resting pos i tion ( Bi edenb ach, 1 9 71 ) . 
It has been established that the bullhead i s more a ctive 
at night and during overcast days and that in the turbid 
wa ers the fis h occupies, light intens iti s y day mus 
oft en fall be low the level for pho to topic visi o n. The retina 
o f the eye, although p o ssess ing r ods and c o n es, has poorly 
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developed neural layers c o mpared wi th pelagic fis h ( Arnott 
e t al , 1974 ) . 
In Qdd ition t o its barbels , I. n ebu losu s has highly 
developed senses of taste and sme ll which are important in 
food findin g. Its nose i s said to be almo st as kee n as that 
of th e ee l, and its entire body is covered with thousands of 
t aste buds which have been likened to th e oral mucosa of 
terrestrial organisms ( Biedenbac h, 1973 ) . Studies by Todd 
( 197 1 have shown that it is not the sense of smell which 
lead s bullheads to food, but rather their taste buds . Blinded 
bullheads, deprived of their olfac tor y receptors, were a bl e 
to swim directly to a food source in still water. But when 
the taste buds on one side of the body were destroyed by 
surgery, the fish had difficulty in finding the food and was 
only able to do so by constantly looping to the uni nj ured 
side. 
The catfis h also has electro r eceptors called small pit 
orga ns ( Dijkgraaf, 1968 ) . Peters and Buwalda 1972 
studied the e l ect rorecepti ve system in!· nebulosus to try 
and gain a better understanding of its bio logical significance. 
They found that, from the res pon ses of a fi sh in a hor i zontal 
electric fie ld, the abili ty of dire c tional electric se n sit-
ivity seemed very probable. Resu lts showed that a ll electric 
potential differences with frequency components of fr om 0.03 
to 25 Hz and -4 2 in the order of magn itude of 10 uA/mm c an be 
p ercieved by a stationary fish, and moreove; swimming fish 
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c an detect DC f i elds. Stationary electric fields from to 
10 rnV are present in th e habit a t of th e catfish) which 
corr esponds to c urrent densities of -4 2 10 uA/mm in water wit h 
a specific r esistance of about 50 ohrn/m. These fields are 
apparently constant, strongly localised and depende nt on the 
depth of water and structure of the bottom. Roth 1972 
found th e sma ll pit organs were most sensit ive to changing 
electrical fields in the water, sometimes aris'ng from 
moving objects. 
In addition to th e small pit organs, the catfish has other 
sense organs o f the latera l line system distributed over the 
head and t runk; the canal organs and large pit organs. These 
two ar e mechanosensitive, paticularly to water displacements 
resulting fr om objects moving at a distance ( Dijkgraaf, 
1 968 ) • In addition the large pit organs seem sensitive 
to certain cat ions Kats uki et al, 1970 ) . 
Todd 197 1 studied the use of pheromones in social 
communication in catfish an d concluded that th e highly evolved 
sense of smell is used in c ommunication, whilst the well 
deve l oped chemosensory taste buds are used in food procuring . 
He said th e chemical language is probably complex , commun i-
eating information about the individuafs species, status, 
sex, age or size, reproductive state, indi v id ual characteris -
tic s , and perhaps even family communication. 
In a natural environment bullheads often fo rm a dense community 
composed of hundreds of individuals, that is based not on a 
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a hierach y or collection of territories, but on close 
togeth e rn ess , with the members swimming freely and peace-
fully throughout the pon d that hou se s the community. Todd 
reproduc e d this community in the laboratory by placing a 
l a rge number of newly caught bullheads in one tank. The 
members then spent most of their time resting in close 
contac t wi th one another in a kind of love in This 
phenomen on was also seen in my t ank s, where a gro up of newly 
caugh t bullheads, when placed in an aquarium 2.13m x 0.3m 
x 0.46m ) spent most of the ir time cruis ing up and down the 
t ank in a closely packed group. Todd also fo und that if 
water in which one of these love ins had taken place 
was int roduced into tanks wh ere two te rri t oria l a n d highl y 
ag gressi ve bullheads we re kep t, the a ggressive behaviour was 
sl o wly extinguished , whi ch in di ca ted the pres e nce of 
pheromones. 
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APPENDIX 5 
Notes 
The major problem f a ced during this study was how to 
obtain sufficient numbers of fish for analysis . For future 
reference, t he problems en coun te re d , possib le solutions, and 
general aspects relevant to studies on fish in the Waikato 
are discussed below. 
The la c k of sufficient numbers of fyke 
nets and of a suitable rang e o f different mesh siz es o f gill 
nets, made adequate representative sampling impossible. 
Because fyke nets rely on fish mov emen t o ver an area, thi s 
method is not ideally suited to a study on a fish exhibiting 
terri toriality. This behaviour, especially if the defended 
area is also a feeding area , restricts the movements of a 
fish considerably. A much more suitable method would be to 
use a lo ng distance of wi de ranging mesh sizes of gill nets. 
When spread out over a lake, these nets can sample a wide 
area, and can c at ch fis h even when movement is very localised. 
The catch rate for these nets would be far gr ea t e r than for 
fyk e n e ts generally. 
Other fishing met h ods wh i ch could have so me uses are electro-
fishing ( for which the operator must undertake a special 
cours e and explosive fishing . The latter method, using 
dynamite, is advant age ous in that it can produce a represent-
a ti ve sample in a short ti me . However it is not desirable 
from an eco lo gical point o f view because of the general 
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damage t he shock may cause. 
One suggested method for obtaining ade q uate samples of fi s h 
was to collect them from the eel f is h ermen who fish in the 
Waikato. However, most eel fi shermen are loathe to handle 
catfish due to the risk of infection from the poisonous 
spines on the fish. Because of this, eel processing firms 
approached during this study we re unable to provide any 
r egular samples. 
A fis h -tagging p r o gramme to estimate abun d ance and 
mortality rates was contemplated d uring this st u dy , but the 
manpower re q uiremen t s p r oved to o great. My cat c hes were too 
s.all, and fish caught by eel fishermen were often injured 
to such a degree t hat their growth r a tes , if n o t the i r 
survival, would be seriously impaired if they we re rel e as e d. 
Mc Gammon a n d Seele y ( 1 961 under t o o k a ta g ging progr amme 
on Ictalurids in Clear Lake, California, USA, and a chie ve d 
a 5.6 % return rate of tags for I. nebulosus. The typ~ used 
was a disc dangler, and Pelgen 1954 ) o utlined the me thod 
of at tachment used. I obtained similar tags t o those sed 
in that study from Sp inwel l Product s , Chris tch urch , in 1 975. 
If s u c h ta gs a re used i n t h e Waika t o, th e y mu s t b e mar ke d 
with the Auckland Ace imatisation District identifi c ation 
l e tt er C 
In this study, nets were set from 3m a l uminium dinghys, 
which were found to be o f adequate size for qorki ng in most 
of the Waik a to La k e s . No d i f f ic u lty was e n coun tere d in 
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setting or retrieving gill nets from t hese boats. However , 
Lake Waikare is not suitable for f ishing with gill nets from 
this type o f boat. The lake is large, shallow, and very 
exposed to the west, the predominant wind direction. A 
short sharp chop can occur quickly o n the lake, making i t 
very dangerous for small, heavily laden dinghys. When fishing 
was carried out on this lake during the study, it wa s with 
the assistance of the Waikato Valley Authority jet boat . 
,. 
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